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Summary
Agriculture is the greatest threat to biodiversity across the world and a major con-
tributor to anthropogenic greenhouse gas emissions. Both pressures will increase over
coming decades as populations and per capita consumption rise. How we choose to
produce food will, to a large extent, determine the state of biodiversity and the wider
environment in the 21st century.
Balancing livestock production and environmental concerns is of particular impor-
tance: rangelands cover approximately one quarter of the world’s ice-free land and
livestock consume over one third of all calories from crops. In addition, livestock,
particularly ruminants are extremely inefficient and use more land, nitrogen and water
than other foodstuffs, whilst producing more CO2. Finally, there is a strong relationship
between wealth and meat consumption. Combined with increasing populations, this
means that demand for meat is likely to continue to increase.
Two alternative strategies have been proposed to minimise the environmental cost
of food production: land sharing attempts to maximise biodiversity within the farmed
landscape by keeping yields artificially low. Alternatively, land sparing links high yield
agriculture with increased habitat protection or restoration. Previous studies have
examined the relative benefits of the two strategies in different agricultural systems
and regions. However, my research is the first to look at a wide range of alternative
livestock production systems in a highly disturbed part of the tropics.
To investigate this issue I collected data on the production and requirements of
different cattle ranching systems in Yucatán, Mexico, as well as on the population
densities of birds, trees and dung beetles, and carbon stocks in both natural habitats
and the different ranching systems. I used novel methods to estimate the yields of
my study sites and applied both previously developed density-yield functions and
new scenario building methods to model how species and carbon stocks responded to
increasing agricultural yields.
I found that all taxa, and carbon stocks, show similar responses: rapidly declining
with conversion from natural habitats to agricultural land. The populations of most
xspecies, and regional carbon stocks, were therefore maximised with a land-sparing
strategy that combines high yields with forest protection or restoration.
Such as strategy is broadly aligned with the goals of producers, environmental
organisations and policy makers in Yucatán. However, mechanisms for active land
sparing, which can link yield increases with habitat protection, will be needed to ensure
that the benefits of land sparing can be realised. In addition, even with land sparing,
probable 2030 production targets still resulted in forest loss, highlighting the need for
demand reduction as an important part of a sustainable food strategy.
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Chapter 1
Introduction
“If we fail on food, we fail on everything”
Charles Godfray
1.1 Agriculture and the environment
The decisions we make about what food we eat and how we produce it will have profound
consequences for humanity and the environment. Agriculture is perhaps the most
important single activity for human welfare; providing almost all the food we eat and
supporting billions of people’s livelihoods, particularly in developing countries (FAO,
2015). However it also has a huge environmental impact: it threatens more species
(Dirzo and Raven, 2003; Green et al., 2005) and uses more water (Shiklomanov, 2000;
Rost et al., 2008) than any other sector and contributes 12–35% of global greenhouse
gas emissions, largely through land-use change, but also from fossil fuel use, fertiliser
production and methane emission from rice paddies and ruminant digestion (Houghton
et al., 2001; Gibbs et al., 2007; van der Werf et al., 2009; Defries and Rosenzweig,
2010).
The loss of biodiversity is concerning for its own sake, as future generations will
inherit an increasingly impoverished natural world, but biodiversity is also hugely
important for human wellbeing. More biodiverse ecosystems are likely to be more
resilient and use resources more efficiently(Tilman et al., 2014) and the services that
ecosystems provide regulate the climate, support agriculture and provide huge cultural
benefits (Balmford et al., 2002; Karp et al., 2013; Costanza et al., 2014). In addition,
the genetic resources of wild biodiversity are likely to be vital in ensuring the long-term
sustainability of food production (Fowler and Hodgkin, 2004) as well as providing
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a large proportion of medical drugs (Bernstein and Ludwig, 2008). Greenhouse gas
emissions from agriculture are also linked to human wellbeing: the climatic change
brought about by increasing greenhouse gas concentrations may reduce agricultural
yields (Schlenker and Roberts, 2009), affect human health (Patz et al., 2005) and could
even render regions of the world uninhabitable (Pal and Eltahir, 2015). Balancing food
production with environmental concerns is therefore arguably the biggest challenge
facing humanity in the 21st century.
This challenge will become more acute as populations and per capita consumption
continue to rise. If current trends are maintained then global agricultural production
will have to increase by 50–100% to keep pace with demand (The Royal Society, 2009;
Tilman et al., 2011). This is not, however, a normative target (Tomlinson, 2013) and
there are many ways that demand can be reduced: we currently waste one third of
food (Gustavsson et al., 2011) and feed 36% of the calories produced by crop plants
to livestock; a far less efficient way of using production than direct consumption. In
addition, perhaps two billion people consume more than is healthy, even as another
billion go hungry (Burlingame and Sandro, 2012)
Tackling these demand-side issues could greatly reduce environmental pressures,
but there will always be more and less harmful ways of producing food, irrespective of
the overall level of production. Agriculture is also not a uniform entity across the world.
Labour intensive, and often low yield, subsistence farming supports huge numbers
of people, particularly in poorer countries, whilst fossil fuel intensive and heavily
mechanised agriculture is found across North America and Europe (Ramankutty and
Foley, 1998; Ramankutty et al., 2008; FAO, 2015). In addition, large areas, particularly
in the tropics, are under some form of rotational agriculture: so-called slash-and-burn,
or swidden farming (Van Vliet et al., 2012). Finally, low precipitation regions across
the world support nomadic or low intensity pastoral systems, which in total cover more
area than any other land use (Reid et al., 2008).
Each of these broad agricultural systems contains a wide range of agricultural
practices with variable environmental impacts. To minimise the negative impacts
of agriculture requires an understanding of how different aspects of farming systems
affect the environment. One fundamental question is how we balance the on-farm and
off-farm impacts of agriculture, and it is this question that my thesis addresses.
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1.2 Balancing food production and the
environment: land sparing and land sharing
1.2.1 Conceptual background
Agricultural systems are hugely complex ecological, social and economic systems
(Fischer et al., 2014). Investigating one or two aspects of this complexity can pro-
vide information on the relative impacts of different strategies, but only if the most
informative variables are investigated.
Agricultural yield is a key determinant of environmental impact. Increasing yields
can reduce on-farm biodiversity (Donald et al., 2001) by reducing the primary produc-
tion available for other species, reducing non-crop habitats, or increasing pesticide and
herbicide use (e.g. Chamberlain et al., 2000; Benton et al., 2003). However, higher
yields reduce the area required to produce a given amount of food, potentially freeing
up land for the conservation or restoration of natural habitats.
Two broad strategies for balancing agriculture and environmental concerns can
therefore be imagined. The first aims to minimise the on-farm impacts of agriculture us-
ing measures that often reduce yields. For example, European Union agri-environment
schemes have included measures to increase non-crop habitat, take land out of pro-
duction, or reduce pesticide use (Natural England et al., 2015). In extremis, this
strategy is termed land sharing and involves farming all available land at the lowest
possible yields to maximise on-farm biodiversity. Alternatively, an extreme land sparing
strategy produces food at the highest sustainable yields, thereby sparing as much land
as possible for conservation. Between these extremes there are many intermediate yield
strategies.
Which strategy is the least damaging to nature will depend on how species and
ecosystem services respond to increasing yields. The relationship between a species’
population density and yield can be described using density-yield functions, the shape
of which can be used to categorise species into those that win or lose under agriculture
and those which are favoured by different land-use strategies (Fig. 1.1, Green et al.,
2005). This approach can be usefully complemented by building and parameterising
land-use scenarios for estimating species population size under different strategies
(Edwards et al., 2014; Gilroy et al., 2014b; Edwards et al., 2015). Generally, species
that decline rapidly as natural habitats are converted will do least badly with a land-
sparing strategy that maximises natural habitat conservation, whilst those decline
more slowly will do least badly with land sharing.
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Fig. 1.1 Typical density-yield functions for species that respond differently to agricul-
tural yields. Other curve shapes are possible — for example some species’ population
densities first increase and then decrease as yields increase.
1.2.2 Previous work and knowledge gaps
Many studies have investigated the environmental impacts of different agricultural
systems to identify the least harmful, with very little consensus (e.g. Edwards et al.,
2010; Phalan et al., 2011b; Wright et al., 2011; Clough et al., 2011; Hulme et al.,
2013; Gilroy et al., 2014b; Mastrangelo and Gavin, 2014; Dotta et al., 2015). Whilst
there may be genuine differences between farming systems and regions, confusion
can also arise from the use of different metrics for both biodiversity and agriculture
(Phalan et al., 2011a). Species richness is often used as a measure of biodiversity (e.g.
Steffan-Dewenter et al., 2007; Clough et al., 2011; Mastrangelo and Gavin, 2012) but
does not include information on either species identity or the probability of individual
species’ persistence; focusing on a subset of species or habitats such as farmland birds,
or not comparing all possible land uses in a system in will also make it difficult to draw
meaningful conclusions (e.g. Smith et al., 2010; Verhulst et al., 2004). Meanwhile, using
metrics other than yield, or comparing strategies without controlling for overall levels
of production, may underestimate the environmental impacts of low yield agriculture.
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Studies that have investigated how the population sizes of all species in a taxon
respond to changing yield have overwhelmingly found that, for a given level of agricul-
tural production, land sparing allows more species to maintain larger populations than
any other land-use strategy (Phalan et al., 2011b; Hulme et al., 2013; Edwards et al.,
2014, 2015; Dotta et al., 2015; Kamp et al., 2015; Feniuk, 2016). The few studies to
examine ecosystem services under different land-use strategies have also found that
land sparing is likely to allow for greater retention of carbon stocks at most levels of
production (Wade et al., 2010; Gilroy et al., 2014b). In addition, land sparing could
considerably reduce land-use change and greenhouse gas emissions at a regional and
global scale (Foley et al., 2011; Tilman et al., 2011; Lamb et al., 2016a).
Despite the strength of these findings, biodiversity in other regions and agricultural
systems may respond differently. In particular, a long history of disturbance may act
as an extinction filter, leaving behind a biota with fewer sensitive species, which is
more resilient to agriculture (Balmford, 1996), and hence more likely to fare better
under land sharing, The different ecological characteristics of livestock production may
also mean that species respond differently to increasing yields.
Understanding the least damaging way to produce livestock is of particular impor-
tance because of their vast environmental impact. Rangelands cover 28–34 million km2
(22–27% of the Earth’s ice-free surface, Ramankutty et al., 2008; FAO, 2015), more
than any other land use and nearly twice the area under cropland. Production of
meat, particularly ruminant meat, results in far greater greenhouse gas emissions
and uses more land, water and reactive nitrogen than any other foodstuff, whether
measured per calorie, per gram or per serving (Eshel et al., 2014; Tilman and Clark,
2014). Furthermore, there is strong relationship between wealth and meat consumption
(Tilman and Clark, 2014), and as both population and per capita income continue to
increase, meat demand is also rising quickly (Fig. 1.2, FAO, 2015).
Investigating livestock systems typically requires new forms of analyses. Animals
are often moved from low yield breeding areas to higher yield finishing systems and
receive fodder that may be produced off-farm. Understanding and modelling these
more complex systems and their impacts is an important step towards more holistic
analyses that incorporate the growing complexity of food production systems.
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Fig. 1.2 Global meat consumption patterns for 1961–2012. Data from FAO (2015)
1.3 Study system and study region
To contribute to the debate on reducing the environmental impact of food production
I therefore decided to investigate livestock production in a part of the world with long
history of disturbance: the Yucatán Peninsula (YP) in southeast Mexico.
1.3.1 The ecology of the Yucatán Peninsula
The YP comprises extremely porous karstic limestone bedrock, deposited over the
course of 100 million years and resulting in a uniformly flat topography with no rivers
(Vázquez-Domínguez and Arita, 2010). Soils are thin but have very high nitrogen and
carbon contents (Benjamin et al., 2001; Weisbach et al., 2002) and can vary over short
distances, resulting in a mosaic of different types (CONABIO, 1995).
The YP’s climate is predominantly ‘tropical wet and dry’ (Aw in the Köppen
Climate Classification, CONABIO, 1995), but with strong temperature and rainfall
gradients: from hot and dry in the northwest to relatively cool and wet in the southeast
(Fig. 1.3). Vegetation types follow this gradient, from tropical dry forests to tropical
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Fig. 1.3 Precipitation rates in the Yucatán Peninsula and the Peninsula’s position
within Mexico. Data from CONABIO (1995).
evergreen forests. The forest has expanded and contracted with climatic changes and
savanna systems occupied much of the peninsula during parts of the Holocene (Hodell
et al., 1995; Haug et al., 2003; Vázquez-Domínguez and Arita, 2010). The region is
also subject to frequent hurricanes that can have extreme, although largely short-term,
effects on vegetation and other taxa, and which may have been more frequent in the
past (Liu, 1999; Liu and Fearn, 2000; Allen and Rincon, 2003). Other species are likely
to have followed these long and short-term vegetation changes and many bird species
also show seasonal movement: tropical-forest species expand their ranges in cooler and
wetter months and years, retreating again as conditions deteriorate (Paul Wood, pers.
com.). This dynamic environment makes the region well-suited for investigating the
impacts of evolutionary and ecological history on species’ sensitivity to contemporary
land-use change.
1.3.2 The history and future of land use in Yucatán
The YP also has a long history of anthropogenic modification, beginning with the
cultivation of maize (Zea mays) and the expansion of the Pre-Classic Mayan civilisation
(1000 BCE – 250 CE). At its height, the Classic Mayan (250–900 CE) population
numbered in the millions and although the exact environmental impact of the Mayans
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is debated (Gómez-Pompa and Kaus, 1999; Allen and Rincon, 2003), it is certain that
there was extensive clearing of vegetation for agriculture for centuries. After the Mayan
collapse and Spanish conquest, the region’s population fell and natural vegetation
recovered (Gómez-Pompa and Kaus, 1999). In the 19th century, land was again cleared
for sisal (Agave sisalana) and henequen (Agave fourcroydes) cultivation before this
industry also collapsed (Gonzalez-Iturbe et al., 2002). Finally, the mid and late 20th
century saw the rapid expansion of cattle ranching (Busch and Vance, 2011). This
history has left very little, if any, original vegetation in the YP, but there is also no
evidence of major florisitic change over the past six thousand years (Gómez-Pompa
and Kaus, 1999), supporting the idea of a relatively resilient biota.
Cattle ranching is now the dominant land use in the north of the YP (CONABIO,
1995) with most production specialised into three linked ranch types. Breeding ranches
produce calves, raise them to 180–220 kg and sell them for export or to finishing
ranches, which fatten the animals to a slaughter weight of 450–550 kg. Both rely
on fodder as well as grazing land - largely maize, which is produced in the region
in specialised maize ranches but also imported. Rarer are completo ranches, which
combine breeding and finishing production: both breeding animals and rearing them
to slaughter weight.
Land uses and management practices vary across ranches, resulting in four broad
categories: traditional, tecnificado, silvopastoral and maize ranches. Traditional ranches
are dominated by pastures of introduced African grasses such as Panicum maximum and
Brachiaria brizanthe. The thin soils mean these pastures are low yielding, and producers
often graze animals in forests or secondary regrowth to provide shade and fodder in
the dry season (although only rarely do they promote fodder plants such as Brosimum
alicastrum or Leucaena leucocephala). To increase yields some producers ‘mechanise’
their pastures: breaking up and removing the underlying rock and importing earth to
increase the depth and quality of the soil. In tecnificado ranches, mechanisation may
be combined with irrigation, high rates of fodder use and intensive cattle management.
Intensive silvopastoral systems have recently been promoted as a more sustainable
way to increase yields by combining mechanised pastures with banks of protein-rich
legumes, such as Leucaena leucocephala. Such systems can greatly increase yields
(Mannetje, 1997; World Bank, 2008; Broom et al., 2013) and have been promoted as
beneficial for ecosystem service provision and biodiversity conservation (Dagand and
Nair, 2003; Broom et al., 2013). Finally, the area of mechanised and irrigated maize
in northeast Yucatán has increased rapidly since 2011 (Fig. 1.4), probably because
of rising maize prices driven by the diversion of US maize to bioethanol production
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(Wise, 2012). Ranches of all types also have areas of fodder grass such as Pennisetum
purpureum used both fresh and as hay or silage.
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Fig. 1.4 Area of irrigated maize in Tizimín District, 2006–2014 (SAGARPA, 2015).
Most irrigated maize in the region is used for cattle fodder (pers. obs.).
1.4 Aims of this thesis
In this thesis I investigate which agricultural strategies will do the least harm to
biodiversity and carbon stocks in the Yucatán Peninsula, expanding the land spar-
ing/land sharing framework to a highly disturbed region of the tropics and to a complex
agricultural system. To do this I:
• Collected data on agricultural yields, population densities of birds, trees and
dung beetles, and carbon stocks for a range of ranch types (Chapter 2).
• Developed novel methods to estimate the yields of livestock production systems
(Chapter 3).
• Investigated how biodiversity and carbon stocks respond to increasing livestock
yields in a region with a long history of disturbance (Chapters 4 and 6).
• Created plausible land-use scenarios that contain multiple interdependent land
uses (Chapter 5).
• Used these scenarios to estimate the impacts of different agricultural strategies
on regional-wide species’ populations and carbon stocks (Chapters 5 and 6).

Chapter 2
General Methods
“At first blush I am tempted to conclude that a satisfactory hobby
must be in large degree useless, inefficient, laborious, or irrelevant.”
Aldo Leopold – A Sand County Almanac
Introduction
The purpose of this chapter is to describe the methods I used to select study sites and
collect the quantitative data on agricultural yields, biodiversity and carbon stocks that
I have used in my analyses. Many of these data are used in multiple chapters, so I will
avoid repetition by detailing my methods here.
2.1 Study site selection and mapping
2.1.1 Introduction
To investigate the impacts of different agricultural systems on biodiversity and ecosys-
tem services I required samples representative of all feasible local agricultural systems,
as well as zero-yielding natural habitats. I matched sites for key biophysical character-
istics such as climate and soil type and wanted my sites to be comparable to those in
other studies of this kind (e.g. Phalan et al., 2011b; Hulme et al., 2013; Feniuk, 2016).
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Overview of Yucatecan landscape
There is very little old growth forest remaining in the Yucatán Peninsula (YP) and
much of the north and east of the peninsula is now under cattle pasture of different
types. As Chapter 1 describes, these ranches can be managed as traditional pastures,
silvopastoral ranches or tecnificado ranches. In addition, I needed to sample remaining
natural habitats, and specialised maize ranches. I therefore selected five types of
study site: zero-yielding natural habitats, traditional ranches, silvopastoral ranches,
tecnificado ranches and maize ranches.
Site design
I used 1 km2 squares as my study sites. These are large enough to be biologically relevant
and to capture the heterogeneity within landscapes. I chose to sample landscapes
rather than landholdings to avoid potential biases from studying ranches of only one
size class, or systematically under-sampling habitats such as hedges which are found
mostly on property borders.
To minimise edge effects I sought study sites with a 500 m buffer similar habitat.
To ensure independence I also sought study sites at least 5 km from sites of the same
type and 1 km from any other site. However, this did not always prove possible (see
Section 2.1.2).
Ensuring study sites were representative
To control for regional gradients in temperature and precipitation (Fig. 1.3) I restricted
my study region to Tizimín District (TD) in the northeast of Yucatán State (Fig. 2.1).
This region is the centre of cattle ranching in the peninsula and has been identified as
a region with a large number of threatened plant species, but few terrestrial protected
areas (Tetetla-Rangel and Durán, 2012). I distributed my sites across the major soil
types present. TD has uniform topography and no rivers, so I did not have to control
for these factors.
2.1.2 Site selection methods
Traditional ranches
Using QGIS (QGIS Development Team, 2015) I placed a 1 km grid across a soil map
across TD (CONABIO, 1995) and used Google Earth (Google Inc., 2015) to find areas
that represented the range of vegetation types found in traditional ranches: grazed
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Fig. 2.1 Location of TD (dark blue) within the state of Yucatán (mid-blue), and
Yucatán within Mexico. Towns are shown in black, with Tizimín town in red. Data
from CONABIO (2015)
forest; mosaics of forest, regrowth and pasture; and open pastures. I randomly selected
10 grid squares from each vegetation type and visited them to check that land uses
matched satellite imagery and to speak to land owners. If land uses had changed, if
the site was within 500 m of ungrazed forest or secondary vegetation, or if I was not
able to speak to the owners, then I moved to the next potential square.
Other ranch types and baseline sites
The other productive site types are rare in the region, meaning I had to select almost
all available sites, irrespective of location. I found sites by talking with ranchers,
experts from the Universidad Autónoma de Yucatán (UADY), the agricultural ministry
(SAGARPA) and the local ganadería (livestock) association in Tizimín. Once I had
located potential sites I visited them to check land uses and to meet the owners.
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I found potential baseline sites by talking to local ecologists and conservationists
and identifying large areas of forest using Google Earth. I then visited potential sites
to talk to owners and to assess their suitability.
Obtaining permission to work in sites
To obtain permission to work in potential study sites I visited each landowner or
manager in a site to explain my project, the data I required, and my fieldwork plans.
One baseline site was located on communally owned ejido land, so I visited the local
comisarios, explained my project, and obtained permission from the community to
work there. Across all the ranches I visited, just one producer refused access, although
a second manager withdrew permission to access their land in my final field season.
2.1.3 Mapping sites
Except for the randomly located traditional ranches, I used Google Earth to position
study sites and maximise coverage of the land use of interest. I then mapped them
using Google Earth and site visits.
2.1.4 Results
Sites selected and land uses present
The locations of the selected sites selected are shown in Fig. 2.2, with the coverage of
different land uses in Fig. 2.3.
• Baseline sites: four of the five sites had large areas of forest over 30 years old; the
fifth site had only been converted from a productive ranch approximately 15 years
previously. Three of the sites (including the youngest) were actively managed:
two private ranches had government-sponsored reforestation programmes in
some areas and the ejido site contained some milpa agriculture (although my
1 km2 study site did not). Some hunting and timber extraction occurred in all
sites. These factors mean that the biodiversity and carbon storage values of
my baseline sites may be lower than for older forest (Barlow et al. 2007; Eaton
and Lawrence 2009, but see Smith et al. 2001). My results may therefore give
conservative estimates of the benefits from land sparing but, on the other hand,
provide realistic estimates for the short- and medium-term benefits of habitat
conservation or restoration.
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Fig. 2.2 Position of 1 km2 study sites within study region. Soil map is taken from
CONABIO (1995). Tizimín town is shown in grey.
• Traditional ranches: seven sites with a wide range of land uses from grazed
forest, to large expanses of extensive pasture and areas of mechanised or irrigated
pasture (Fig. 2.3). The sites also differed in the intensity of animal management.
Through observing over 100 ranches during my fieldwork, I feel these sites
captured a large amount of the variation in traditional cattle production in the
region.
• Silvopastoral ranches: three sites had intensively managed Leucaena leuco-
cephala plantings, but these made up <20% of all sites, reducing my ability to
investigate the impacts of this land use. The fourth site held a much larger area
of silvopasture (>70%), but this was not intensively managed in the same way.
• Tecnificado ranches: all four sites contained large amounts of irrigated or
mechanised pasture with intensive management of pastures and animals, including
rotational grazing at high stocking densities, large fodder inputs and the frequent
application of supplements, antihelminthics, and other medicines.
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• Intensive maize ranches: all five sites contained large areas of maize but also
pasture, unproductive land, fodder grass and irrigated pasture. Some practised
crop rotation and several of the ranches replaced areas of pasture with additional
maize fields during my field seasons.
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Fig. 2.3 Areas of different land uses within my final 20 productive study sites.
2.2 Yield questionnaires
2.2.1 Introduction
Here I describe the protocol for interviewing producers and the initial data processing.
The more complex yield estimation methods are in Chapter 3.
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2.2.2 Methods
Locating producers
As I explain in Chapter 3, modelling the yields of individual land uses required a larger
sample size of ranches than were found in my study sites. I began by interviewing
producers who had ranches within my study sites and then used a combination of
ad hoc and targeted ranch visits, as well as visits to local ganadería associations and
livestock fairs, to talk to more producers.
I interviewed producers with a wide range of ranch types and land uses; with
ranches of varying sizes; and with ranches distributed across TD. I assessed data as I
collected it and asked producers and other local experts to help locate undersampled
ranch types. I also used a bootstrapping approach to judge when I had sampled enough
ranches to have confidence in my modelled yield estimates (Chapter 3, Section 3.2).
Interview protocol
In each ranch I identified the person (or people) I needed to talk to and made sure
they had permission from the owner or manager to talk to me. I started by explaining
who I was, what my research was about, and my affiliations with the University of
Cambridge, Universidad Autónoma de México (UNAM), and UADY. I explained that
the data would only be seen by me and would be anonymised and that I was not
affiliated with, and would not pass data on to, the government. If producers were not
comfortable in sharing their information I thanked them for their time and moved on
to the next ranch. Most ranchers, however, were proud of their ranches and very happy
to talk to me.
For ranches outside my study sites I kept interviews as brief as possible and asked
for information on:
• The area of different types of grazed land use (pasture, mechanised pasture,
irrigated pasture, grazed forest and grazed secondary regrowth) in their ranch.
• The number and weight of animals (cows, calves and other livestock) bought
each year.
• The number and weight of animals sold each year.
• The yields of any fodder crops, including fodder grass, grown on the ranch.
• The weights of different fodders used by the ranch each year. If feeding regimes
varied throughout the year then I asked for estimates for all months or seasons.
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• The costs of any purchased fodder.
I also conducted longer interviews with producers inside my study sites, asking for
additional information on:
• The costs of animals bought and sold.
• Capital, maintenance and running costs for mechanised and irrigated pastures.
• Labour costs.
• Timings and costs of vaccinations, medicine applications and veterinary visits.
• Transaction costs of buying/selling animals (mainly transport to and from the
ranch).
• Miscellaneous costs such as fence maintenance, vehicle purchase, fuel costs etc.
• Subsidies received.
For both interview types, I asked for as many years of data as the interviewee could
recall.
Data processing: Data cleaning
Some interviewees gave very unusual answers such as extremely high maize yields. On
these occasions I asked for clarification, but once or twice I still felt that the answers
were unfeasible and discarded the questionnaire data for that ranch. I also discarded
interviews when interviewees could not recall all the information, unless it was data on
ranch economics or fodder crop yields.
Data processing: Standardising currencies
To compare sites I converted inputs and production into universal currencies. I
converted fodder inputs into “maize equivalents” based on metabolisable energy, which
is the most commonly limiting factor in Yucatecan ranches (Baba, 2007). I converted
fodder mass into joules and divided by the energy content of maize grain (Table 2.1).
I could not identify the energy content of some pre-mixed fodders, so assumed they
had an energy content equivalent to maize grain. I converted production of animal
products into kilograms of edible protein using a dressing percentage of 50% (FAO,
1972) and a protein content of ruminant meat of 17.4% (USFDA, 2015). When ranches
produced milk I converted volumes to masses at 1.03 kg l−1.
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Table 2.1 Fodders used in ranches, their metabolisable energy content for ruminants
and the ratio of this to the energy in maize grain. Values are from Animal Feed
Resources Information System (2014) and given for dry weights.
Fodder Energy content (MJ kg−1) Maize Equivalents
Maize grain 13.7 1
Bran 11.2 0.817
Bread 11.2 0.817
Canola 11.3 0.828
Chicken litter 9.1 0.667
Fodder grasss 8.1 0.593
Maize silage 10.8 0.789
Molasses 9.6 0.703
Oats 11.8 0.864
Rice husks 3.0 0.220
Sorghum grain 13.5 0.989
Sorghum silage 8.4 0.615
Soy meal 13.6 0.996
2.2.3 Results
I was able to interview representatives from 35 of the 36 ranches within my study sites
and 92 producers in total. I excluded five for the reasons above. Another 10 were from
completo ranches which did not provide a large enough sample to model their yields
separately (see Chapter 3). Of the 77 remaining interviews, 49 were from breeding and
28 from finishing ranches. Very few producers had intensively managed Leucaena in
their ranches, so I combined this land use with irrigated pastures for further analyses.
2.3 Biodiversity surveys
Here I report the methods I used for collecting data on birds, trees and dung beetles.
Dung beetles were surveyed by my colleague Fredy Alvarado from the Instituto de
Ecología (INECOL) in Xalapa, and identified by Fredy and Fernando Escobar (also at
INECOL). Fredy is kindly allowing me to report on his findings, but all credit for the
collection of these data are due to Fredy and Fernando.
2.3.1 Introduction
Target taxa had to meet certain criteria. They had to be:
• Practical to survey across 25 study sites in a relatively short time.
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• Found across the whole range of study sites.
• Show a variety of responses to habitat alteration and agriculture.
• Preferably have been used in previous, similar studies.
• Functionally important or be indicators of wider biodiversity.
• Preferably be well studied and have good taxonomic and ecological information
available.
Birds, trees and dung beetles all meet these criteria to varying degrees. Some taxa
will show idiosyncratic responses to land use change, however (e.g. Barlow et al., 2007)
and so caution should be exercised when extrapolating from my results to other taxa.
Birds
There is exceptional taxonomic and ecological information available on birds; they are
relatively easy to survey; are found in all of Yucatán’s terrestrial habitats; and show
a range of responses to agriculture and habitat clearance. The region retains forest
dependent species, as well as open habitat specialists and endemics that rely on the
tropical dry forest and cactus shrub in the north of the peninsula (Howell and Webb,
1995). Importantly, much of the work on land sharing and sparing has examined birds’
responses to agricultural yields (Phalan, 2009; Hulme et al., 2013; Kamp et al., 2015;
Dotta et al., 2015; Feniuk, 2016). I therefore had the opportunity to add to a growing
body of knowledge and to compare my results with studies in other regions and very
different farming systems.
A lower proportion of birds are threatened than any other vertebrate taxon (IUCN,
2015), implying they are relatively robust to anthropogenic threats, although agriculture
and the land use change it drives threatens more bird species than anything else (Green
et al., 2005). In addition, several studies have found that birds good indicators for
ecological and biological change (Barlow et al., 2007; Gardner et al., 2008) and that
they are one of the most cost effective taxa to survey (Gardner et al., 2008). Birds
are also charismatic and the declines of New World warblers (Parulidae) and other
migratory species has driven a lot of the research into agriculturally driven biodiversity
loss in Mexico (e.g. Rappole and McDonald, 1994), potentially giving my research
greater political weight.
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Trees
Previous work on land sparing and land sharing has also studied trees (Phalan et al.,
2011b; Feniuk, 2016), and although a large proportion of trees have not been assessed
by the IUCN (IUCN, 2015), they are relatively well-studied, and readily surveyed and
identified in the field (although in tropical forests this requires considerable knowledge
and experience). Trees are also extremely functionally important: such is their impor-
tance to other taxa that they have been used to estimate the total number of species
in the world (Erwin, 1982; Ødegaard, 2000). They also generate many ecosystem
services including soil stabilisation, water flow and quality regulation and carbon
sequestration and storage (e.g. Balmford et al., 2002; Daily et al., 2009). Finally, trees
have huge cultural and religious importance and the ceiba (kaypok) Ceiba pendrandra
is a fundamental part of Mayan mythology and hugely symbolic of the Maya even
today (Zidar and Elisens, 2009).
Dung beetles
True dung beetles of the subfamily Scarabaeinae are good indicators for ecological
change (Barlow et al., 2007; Gardner et al., 2007) as they are found across agricultural
and undisturbed habitats in the Neotropics (Estrada et al., 1998; Navarrete and
Halffter, 2008; Nichols and Gardner, 2011), with some species showing strong responses
to habitat disturbance (Estrada et al., 1998; Nichols et al., 2007; Nichols and Gardner,
2011). They are well documented in the Neotropics, more easily identified to species
level than many insect taxa and are cost effective to sample through well defined
survey protocols (Gardner et al., 2008). They also provide ecosystem functions such as
burying dung, aerating soil, dispersing seeds and reducing parasitism rates in other
species (Nichols et al., 2008). Several of these functions have been linked with valuable
ecosystem services in cattle pastures (Giraldo et al., 2010). Unfortunately, only 577
species of Scarabaeidae (to which true dung beetles belong) have been assessed by the
IUCN, of which 231 were data deficient (IUCN, 2015), although there are perhaps
5,000 members of Scarabaeinae alone.
Previous studies in the YP
Several studies have investigated the recovery of bird and plant communities in the
YP after natural and anthropogenic disturbances (Lynch, 1995; Smith et al., 2001;
Lawrence and Foster, 2002; Boose et al., 2003; Read and Lawrence, 2003; Whigham
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et al., 2003; Urquiza-Haas et al., 2007; Eaton and Lawrence, 2009; Bonilla-Moheno,
2012). However, I could not find any studies of variation between cattle pastures and
natural habitats, although Cepeda-González et al. (2011) found that bird communities
differed between pastures surrounded by anthropogenic and natural habitats. I could
find no studies looking at tree biodiversity in cattle ranches in Yucatán.
Dung beetles are very poorly studied in the YP, although three studies have investi-
gated dung beetle diversity in cattle ranches. Reyes Novelo et al. (2007) found diversity
and species richness were highest in secondary vegetation and a ramon (breadnut)
Brosimum alicastrum plantation respectively, compared to a cattle pasture, but the
pasture had the highest abundance of individuals. Basto-Estrella and Rodríguez-Vivas
(2012) and Basto-Estrella et al. (2013) investigated dung beetle communities across
different cattle ranches and found that species richness, evenness and diversity were
lower in ranches that used macrocyclic lactones (ML): antihelmithic drugs frequently
used to treat cattle, but overall abundance of beetles was highest in the ranches that
used MLs.
2.3.2 Methods
Data collection: Birds
Using QGIS I distributed 36 evenly spaced points across each study site, inset by
142 m to minimise edge effects (Fig. 2.4). I selected a subset of 24 of these without
replacement, repeating the selection until the proportion of different land uses in the
70 m surrounding each point approximately matched their coverage in the site as
a whole. In one tecnificado site the points could not adequately sample a patch of
secondary regrowth so I moved five points to provide better coverage of this habitat,
whilst keeping them entirely within the site.
The optimal time for surveying resident birds is during the breeding season, which
is from April to July for most species (Howell and Webb, 1995). To ensure that I
surveyed both early- and late-breeders, and to account for intra- and inter-annual
variation, I visited most sites a total of four times (across three years): twice early in
the breeding season (April-May) and twice later (late May-July). Due to problems
with access and obtaining permission for two sites I was not able to visit them in 2012,
and instead visited them twice in 2013 and twice in 2014. In one maize site I was
refused permission to visit in 2014 and so only surveyed it on three occasions.
To survey birds I used point counts with distance sampling. Point counts are
more efficient than mist netting (Whitman et al., 1997) and whilst line transects are
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Fig. 2.4 Map of an example study site showing sampling points for birds and trees
(circles) and dung beetles (stars). I surveyed a subset of points for birds and trees.
Dung beetles were sampled at all 25 points.
preferable in terms of analysis and sampling efficiency (Buckland et al., 2005), they
were not practical due to the difficulty of moving through very dense vegetation, across
multiple land holdings, or through fences and hedges.
To minimise disturbance I cut trails to each point, usually assisted by local
campesinos, at least a day before the survey. At each point I surveyed birds for
ten minutes in each point, without a settling-in period, identifying individuals to
species and recording their distance from me. I completed all counts between half an
hour before, and three hours after sunrise (following Blake, 1992). I counted dense
groups as a single sighting, recording group size and measuring the distance to the
centre of the group. Where possible I checked distances using a laser rangefinder, but
it was normally impossible to judge exactly where birds were: 70% of detections were
aural and the rangefinder did not work well in dense vegetation. To avoid inaccurate
distance estimates I only recorded birds within 80 m of the point and subsequently
discarded detections over 70 m away to avoid subconsciously including species ‘just
within’ the 80 m. I recorded flying individuals for a single “snapshot” count at the end
of each count.
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For all the surveys in 2012 and those in well-forested sites in 2013 and 2014 I was
accompanied by one of four local experts (Paul Wood, Victor Marin Perez, Don Ramiro
and Edilberto Poot). After each point we checked our independent records for the
point to ensure that we were recording similar species, however this was done purely
as a check and I did not alter my records based on what the experts saw and heard. I
recorded each count using a Sony PCM-M10 digital recorder and a Seinnheiser ME 66
shotgun microphone to check uncertain identifications.
Data collection: Trees
To survey trees I visited a random subset of the 24 points surveyed for birds: 10 in
baseline sites and one traditional ranch site that was entirely grazed forest, and 20
in other sites in order to increase the number of trees recorded and the reliability of
population density estimates. I randomly picked points without replacement, repeating
the procedure until the proportion in each habitat type matched the coverage of the
habitats in the site as a whole. I designed the survey protocol, but trees were identified
by two local experts: Don Miguel Poot (in one baseline site) and Edilberto Poot (all
other sites). Either myself or my field assistant Tim Kasoar measured tree diameter at
breast height (dbh), and myself plus at least one of Tim and the experts estimated
tree heights.
In each point I used a modified Gentry plot (based on Baraloto et al., 2012, Fig. 2.5):
six 2 m x 50 m transects running north-south and separated by 10 m. I surveyed all
trees with a dbh of 10 cm or more in each transect and randomly chose one of the two
central transects as a subplot in which I surveyed all trees with a dbh of 5 cm or more.
The Gentry plot design was quicker to survey in dense vegetation than a 25 x 25 m
plot whilst covering a larger area and better accounting for fine-scale heterogeneity in
landscapes – important in Yucatán as soils and vegetation can vary over short distances
(CONABIO, 2015). I included trees if the centre of the base of the trunk was within 1
m of the centre of the transect, flipping a coin if the centre appeared to be exactly 1 m
away. I measured native and non-native tree species, including palms, but not lianas
or herbaceous vegetation because of identification difficulties.
In each transect we identified and measured all stems above the threshold size,
noting if they were from the same individual. Trees were identified by Mayan or
Spanish name by the local experts. Most identifications were done on the basis of
bark and leaves, with smell of crushed leaves and cut bark also being used by the
guides. We measured dbh (following MacDicken, 1998) and estimated heights of trees
by eye. Initially I used a clinometer but this greatly increased the time taken in forest
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Fig. 2.5 Modified Gentry plot used to survey trees. Solid lines indicate 50 m long
transects, with shaded areas showing the area surveyed for trees with a dbh ⩾ 10 cm.
The darker shaded transect is the subplot where trees with a dbh ⩾ 5 cm were sampled.
Whether the third or fourth transect was used as the subplot was decided with the flip
of a coin.
sites and seemed very unreliable due to difficulties in seeing the tops of trees in dense
vegetation. At least two people out of me, my field assistant Tim Kasoar and my guide
independently estimated heights and I recorded the range given if estimates differed.
Data collection: Dung beetles
Fredy and I designed the dung beetle survey protocol, but all data collection was by
Fredy, his field assistants, and the team at INECOL.
To sample dung beetles we placed 25 regularly spaced traps across each site (Fig 2.4),
far enough apart to reduce interference between traps (Larsen and Forsyth, 2005).
Each trap consisted of a 1 l container with an 11.5 cm diameter opening buried to be
flush with the ground and one quarter filled with a solution of water, salt and soap to
prevent the beetles from escaping. Following Marsh et al. (2013) each trap was baited
with approximately 20 g of a 1:1 mix of human and pig dung suspended over the trap.
Traps were left for 48 hours and beetles placed in 70% alcohol solution before being
identified to species by Fredy Alvarado and Fernando Escobar at INECOL, where
voucher specimens were deposited. One maize site refused permission for dung beetle
sampling, so we only have data from 24 sites.
Data processing: Birds
I discarded all records I could not identify to species, unless it was possible to place a
bird in a group, such as “hummingbirds” or “kingbirds" (Couch’s and tropical kingbirds
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Tyrannus couchii and T. melancholicus cannot be not reliably separated by sight,
Traylor, 1979). In these cases I kept the records to fit detection functions (see below)
but not to calculate species densities.
I discarded records of species that my techniques would not adequately sample:
raptors, falcons and New World vultures (Accipitridae, Falconidae and Cathartidae);
swallows and martins (Hirundinidae); swifts (Apodidae); and water birds (American
purple gallinule Porphyrio martinicus, northern jacana Jacana spinosa and cattle
egret Bubulcus ibis). I did, however, retain records of black-bellied whistling ducks
Dendrocygna autumnalis because they frequently use harvested crop fields in sites far
from standing water (pers. obs.). I discarded non-breeding migratory species because
my field seasons did not coincide with peak migration times. For each retained species
in each point I summed the total number of clusters observed and I also calculated the
mean cluster size for each species across all sites.
Distance sampling
I used distance sampling to account for the fact that habitat complexity affects how
easily birds are detected, thereby altering the area effectively surveyed. I used the
packages {raster} (Hijmans, 2015) and {rgdal} (Bivand et al., 2015) in R (version
3.1.1, R Core Team, 2015) to estimate the proportion of “closed" habitats (e.g. forests,
hedges, secondary vegetation and high crops which reduced detectability) around each
survey point and fitted detection functions using the package mrds (Laake et al., 2015).
For 51 species with at least 30 observations, I fitted species-specific detection functions
using the proportion of closed habitats as a continuous covariate; half-normal or hazard-
rate key functions; and cosine, hermite polynomial and simple polynomial adjustment
terms. I also grouped the majority of species into 23 detectability groups based on
taxonomic, dietary and behavioural characteristics. I fitted detection functions to these
groups including both the proportion of closed habitats and species as covariates, and
using half-normal and hazard-rate key functions. I did not include nine species with
more than 30 observations in these detectability groups because I did not consider that
that their detection functions were similar enough to those of other species.
I examined fitted models for goodness of fit using Chi-square, Kolmogorov-Smirnov
and Cramer-von-Mises tests, as well as visually checking quantile-quantile plots and the
shape of the detection function. For some species, all models either failed to converge
or were rejected on one of the above criteria. In these cases, I used results from the
multi-species models that included these species; in all other cases, I chose individual
species models over multi-species models. Some multi-species models failed to converge
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due to very low numbers of observations for certain species, so I grouped the species
that were most similar to fit the detection function but performed subsequent analyses
on individual species. Finally, for some species and groups (e.g. thicket tinamou
Crypturellus cinnamomeus), detectability did not fall within 70 m so I assumed an
effective detection radius of 70 m for every point.
Once I had a complete list of feasible detection functions I used AICc weightings
and model averaging as described by Burnham and Anderson (2002) to get weighted
detection functions.
Data processing: Trees
I translated Mayan names to binomial names using a range of resources (CICY
Herbarium, 2014; UCR Herbarium, 2014) and checked names with a standardised list
(Boyle et al., 2013). I could not find translations for 55 of 177 species, but my guides
were confident that they represented different species so I retained the records. For an
additional five species the given name could refer to several species. In these cases I
assumed all records were of the same species.
For biodiversity analyses I retained all identified species, even if I could not translate
the name to a binomial, and also those that were identified to genus level. I discarded
trees that the guides could not identify or which were from introduced or domesti-
cated species. I did, however, retain both these groups for carbon stock estimation
(Section 2.4).
Data processing: Dung beetles
Once dung beetles were identified and counted I excluded a single introduced species:
Digitonthophagus gazella.
Data processing: Surveyed areas
To fit density-yield functions (Chapter 4) and calculate species or carbon densities
(Chapters 5 and 6) I needed to know the area I had surveyed for each species.
For birds, I used the weighted detection functions to estimates of the effective
detection radius for each species in each point and from this calculated effective
detection area. I summed these across sites to get the total area surveyed. For trees, I
used the total area of all Gentry plots in a site: 0.6 ha for forest sites and 1.2 ha for
non-forest sites. It is not known how far dung beetles travel to baited pitfall traps and
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so I could not reliably calculate the area surveyed. Instead I used the number of intact
traps in each site as a measure of survey effort (after accounting for traps destroyed by
animals).
Assessing survey effectiveness
To assess my effectiveness at detecting all species present I plotted the expected mean
species richness in each site type against the number of points surveyed. For this I
used the function specaccum from the {vegan} package in R (Oksanen et al., 2015)
and used Kindt’s exact method to estimate richness, as recommended by Oksanen
(2013). I also used the function specpool() (also in {vegan}) to estimate species
richness in each site using Chao1 and Jackknife estimators as recommended by Gotelli
and Colwell (2001), with points as samples.
2.3.3 Results
After initial data processing, I was left with 6,626 records of 112 bird species and
5,336 trees of 154 species. Fourteen more trees were identified to one of four genera
(Malpighia, Spondias, Plumeria, and Cordia) and two were described as “mora”, which
could refer to the genus Rubus in Rosaceae or Morus in Moraceae. If I excluded trees
that were not identified to species, or that I could not assign a binomial to, I was left
with 5,197 trees of 100 species. I performed analyses on both datasets. One maize site
had no trees recorded in it. We collected and identified 210,522 beetles of 32 species,
a mean of over 175 beetles per trap-day: similar to the 162 found by Basto-Estrella
and Rodríguez-Vivas (2012) and Basto-Estrella et al. (2013) in Yucatecan ranches, but
considerably higher than other Neotropical studies (e.g. Horgan, 2007; Navarrete and
Halffter, 2008).
Survey effectiveness and species richness
Dung beetle accumulation curves nearly reached their asymptotes for all types of study
sites (Fig. 2.6). Birds were slightly undersampled but had similar curve shapes across
site types, so I consider that my results are unlikely to be biased. However I seriously
undersampled trees, particularly in baseline sites, a pattern largely driven by rare
species where the Mayan name could not be matched to a binomial name (Fig. 2.6).
Because this undersampling was most severe in baseline sites my results will probably
underestimate the biodiversity value of natural habitats, and possibly understate the
potential benefits of land sparing.
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Fig. 2.6 Species accumulation curves for different taxa in different study site types.
Lines show mean number of species detected in 1,000 random samples taken without
replacement. Shaded areas show the standard deviation around this mean. Dashed
lines show accumulation curves for trees excluding species that could not be matched
to a binomial name.
The highest values for observed and estimated species richness in individual sites
were all in baseline sites, except for dung beetles where a traditional site had the same
observed richness (25 species) as a baseline and a maize site had the highest Chao1
richness (Tables C.8–C.10). There was also a very high Chao1 estimate of 200 tree
species for a maize site but this was based on 21 observed species. Observed and
estimated species richness values were highest for baselines, except for birds, which
had higher estimates in traditional sites (Fig. 2.6).
Species present
A high proportion of tree species (99 of 159) had fewer than 10 records, compared to
32 of 112 bird species and five of 32 dung beetles (Fig. 2.7). One species of dung beetle
(Onthophagus landolti) was found in all sites surveyed, with several birds and beetles
only absent from two or three sites. Tree species were less ubiquitous, with only two
species (chaká or gumbo-limbo Bursera simaruba and guano or savanna palm Sabal
mauritiiformis) found in more than 20 sites.
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Fig. 2.7 Number of records for each species of a) birds b) trees and c) dung beetles.
The dashed line separates species with more than and fewer than ten records. The
numbers for trees include species without binomial names.
2.4 Carbon stock evaluation
2.4.1 Introduction
The relationship between carbon stocks and agriculture is extremely important because
land clearance for agriculture is a major contributor to anthropogenic greenhouse gas
emissions (Houghton et al., 2001; Foley et al., 2005). Conversely, combining high yield
agriculture with forest protection or reforestation could sequester carbon and reduce
net emissions (Lamb et al., 2016b).
Previous studies have examined carbon stocks in the YP (Lawrence and Foster, 2002;
Cairns et al., 2003; Vargas et al., 2007; Eaton and Lawrence, 2009; Orihuela-Belmonte
et al., 2013; Roa-Fuentes et al., 2013; Hernández-Stefanoni et al., 2014) but none have
done so in cattle pastures, or linked their estimates to different land-use strategies. I
estimated carbon stocks in my study sites using the live aboveground biomass, live
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belowground biomass, soil carbon, and standing litter crop for each (MacDicken, 1998).
Below I describe my methods for estimating each in turn.
2.4.2 Methods
Aboveground biomass
To estimate aboveground biomass densities I used the same data as for my tree
biodiversity surveys. For all trees except three species of palm I calculated the
aboveground biomass of trees using Models (4) and (7) in Chave et al. (2014):
AGBest = 0.0673(ρD2H)0.976 (4)
AGBest = exp(−1.803− 0.976E + 0.976ln(ρ) + 2.673ln(D)− 0.0299ln(D)2) (7)
where:
AGBest = estimated aboveground biomass of the tree (kg)
ρ = species specific wood specific gravity (g cm−3)
D = diameter at breast height of the tree (cm)
H = height of the tree (m)
E = site-specific measure of environmental stress, comprising temperature seasonality,
climatic water deficit and precipitation seasonality.
Model (4) performs better than Model (7) (Chave et al., 2014) and so I used
it whenever I had height data, using the mean value when I had a range of height
estimates. Otherwise I used Model (7), taking site-specific estimates of E from the 2.5
arc-second resolution raster layer produced by Chave et al. (2014) (http://chave.ups-
tlse.fr/pantropical_ allometry.htm).
I obtained species specific wood density estimates from Zanne et al. (2009) and
used mean estimates for genera where these were not available. I did not restrict my
estimates to region-specific values because the only records for several species were
from outside Central America. I used mean family values when genus-level estimates
were not available and used the mean of all species in my database for trees that I
could not match to a binomial name.
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Palm biomass is not well described by allometric equations designed for dicotyledonous
trees (Goodman et al., 2013) and so I used separate, family-level models described by
Goodman et al. (2013):
AGBest = −4.04054 + 2.34557ln(D) + 0.76727ln(Hstem) (1)
AGBest = exp(−3.3488 + 2.7483ln(D)) (2)
where:
AGBest = estimated aboveground biomass of the palm (kg)
D = diameter at breast height of the tree (cm)
Hstem = height of the palm trunk i.e. excluding the crown (m)
Model (1) performs better than Model (2) and so I used it when I had height data.
The performance of Model (2) falls considerably for palms with a dbh greater than
40 cm but I only recorded five palms (all Acrocomia aculeata from one site) with dbh
values greater than 40 cm and no height recorded, so I judged that the error would not
significantly alter my results.
I did not calculate biomass values for dead trees. If trees were partially dead then I
scaled estimates by the proportion of the tree still alive.
I estimated site aboveground biomass densities by summing the biomasses of
individual trees and dividing by the area surveyed. Because I surveyed different areas
for small (5 < dbh < 10 cm) and large (dbh ⩾ 10 cm) trees I calculated densities
separately for the two groups and then summed the two.
Belowground biomass and total live carbon stocks
I used Equation (3), modified for tropical zones, from Cairns et al. (1997) to estimate
root biomass density:
RBDest = exp(−1.0587 + 0.8836ln(AGBest)
where:
RBDest = estimated root biomass density (Mg ha−1)
ABDest = estimated aboveground biomass density (Mg ha−1)
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I summed above- and belowground biomass density estimates for each site, converted
these to carbon using the standard ratio of 0.5 (Brown and Lugo, 1982) and multiplied
them by the area of each site (100 ha) to estimate total living carbon stocks.
To test whether I had effectively sampled my study sites, I performed a bootstrapping
exercise: I randomly sampled with replacement from the points surveyed in each site
and estimated aboveground carbon stocks for this sample before repeating the process
10,000 times. I calculated the mean and standard deviation of these estimates and saw
how they changed with increasing sample size.
Other carbon stocks and total carbon densities
Soil and standing litter crop can be important carbon stocks (e.g. Eaton and Lawrence,
2009) but logistical constraints prevented me from sampling them, so I used published
values. I restricted my search to studies within the YP as it has extremely thin
soils. I used Web of Science (www.wok.mimas.ac.uk) and Google Scholar (https:
//scholar.google.co.uk/) to find three studies ranging across the climatic gradients and
soil types in the peninsula (Fig. 2.8). I took mean values when studies had multiple
study sites and summed all litter classes for each study.
Fig. 2.8 Location of studies used for soil and standing litter crop carbon stock
estimation, relative to Tizimín District (dark blue area). Studies are: circles – Eaton
and Lawrence (2009); squares - Roa-Fuentes et al. (2013); and star – Vargas et al.
(2007). My study sites are shown as red circles.
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I multiplied soil carbon densities by the area of each site, but judged that standing
litter crop stocks would be close to zero in pastures and maize fields, so multiplied
densities by the area of baseline habitat, grazed forest or secondary regrowth in a site.
I then summed the living carbon, soil carbon, and standing litter crop carbon stocks
and divided by the area of each site to get a total carbon stock density.
2.4.3 Results
Excluding the maize site where no trees were recorded (see Section 2.3), aboveground
carbon stocks ranged from 0.21 Mg ha−1 in a tecnificado site to 67.9 Mg ha−1 in a
baseline site. Baseline sites had higher live (and therefore total) carbon stocks than all
other sites except for the traditional ranch site entirely covered in grazed forest (Fig 2.9).
Four of the baseline sites had aboveground stocks within the range of published values:
from 47 Mg ha−1 in north west Yucatán State (Roa-Fuentes et al., 2013) to 377 Mg
ha−1 in southern Quintana Roo (Hernández-Stefanoni et al., 2014). Lower values for
the other baselines may reflect the fact that some published studies sampled trees down
to 1 cm dbh, or the fact that my baseline sites were relatively young and aboveground
carbon stocks increase with time after disturbance (Eaton and Lawrence, 2009).
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Published soil estimates ranged from 80 Mg ha−1 in the El Eden reserve (50 km
to the east of my study sites, Vargas et al., 2007) to 250 Mg ha−1 in the Calakmul
Biosphere Reserve (250–350 km to the south, Eaton and Lawrence, 2009), whilst
standing litter crop stocks ranged from 3.8 Mg ha−1 in north-west Yucatán (Roa-
Fuentes et al., 2013) to 21 Mg ha−1 in Calakmul. Given its proximity, I suspect soil
carbon stocks in my study sites are closer to Vargas et al.’s estimates than Eaton and
Lawrence’s, but I used both the highest and lowest values to see what effect variation
in soil carbon stocks would have on my conclusions.
Even with lower estimates, soil carbon contributed over 50% of stocks in all sites
and over 99% in six productive sites. This seems surprising given the very thin soils
in Yucatán but these values are similar to those obtained in other studies in mature
forest in the YP: 54% of carbon stocks coming from soils in El Eden (Vargas et al.,
2007) and 84% in Calakmul (Eaton and Lawrence, 2009).
The bootstrapping exercise revealed that estimated aboveground carbon stock
estimates were consistent with increasing sample size, giving assurance that I had
sampled sufficient points to reliably estimate aboveground carbon stocks (Fig. 2.10).
There was considerable variation around each mean estimate, which may reflect the
heterogeneous nature of my study sites.
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Fig. 2.10 Variation in aboveground carbon stock estimates with increasing sample
size. Dark lines represent the mean value of 10,000 random samples, shaded areas
the standard deviation (darker shaded areas show where multiple standard deviations
overlap). Note the different y-axis scales, reflecting the far greater carbon stocks in
forest sites. The non-baseline forest site is shown in blue on the left-hand graph.
38 General Methods
2.5 Using these data
The methods outlined in this chapter provide:
• 25 study sites and the land uses within them.
• Interview data for 77 ranches, with information on land uses present, production
of animals and fodder crops, and ranch requirements. I use these data in Chapter 3
to estimate the yields and requirements of different land uses and feed conversion
ratios.
• Biodiversity data for each study site. Specifically, I have data on the number
of clusters of birds and mean cluster size for each species; the number of trees
and dung beetles; and species identity and sampling effort (either area surveyed
or number of traps). I use these data to investigate how species’ population
densities respond to agricultural yields (Chapter 4) and how different land-use
strategies are likely to affect regional population sizes (Chapter 5).
• Carbon stock estimates for each study site, which I use in Chapter 6 to investigate
how carbon stocks vary with agricultural yield and land-use strategies.


Chapter 3
Estimating yields and production in livestock
systems
“The cow is nothing but a machine which makes grass fit for us people
to eat”
John McNulty
3.1 Introduction
3.1.1 Measuring agricultural impact
A range of indices can be used to measure agricultural practices: generalised measures
of ‘agricultural intensity’ (Bignal and McCracken, 1996; Wade et al., 2010; Mastrangelo
and Gavin, 2014), uptake rates of broad agricultural strategies such as agroforestry
(Bhagwat et al., 2008; Garcia et al., 2010) or organic agriculture (Hole et al., 2005;
Gabriel et al., 2010), or changes to specific practices such as fertiliser or pesticide use
(Frampton and Dorne, 2007). However many of these measures fail to account for the
impacts of agriculture across both farmland and natural habitats: if practices to increase
on-farm biodiversity reduce yields then a larger area will be needed to meet food or
economic demands, potentially leading to greater habitat conversion (Balmford et al.,
2012). These externalised impacts can be accounted for by investigating agricultural
yields (production per unit area) and by looking at how agricultural practices affect
overall land-use patterns for region.
In this chapter I explain how I derived the key variables needed to estimate the
yields, production and requirements of my study sites. First, I estimated the yields of
individual sites based on only on the land uses present in them - from the yields of
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different grazed land uses and of maize and fodder grass fields. I used these estimates to
construct density-yield functions for individual species (Chapter 4) and carbon stocks
(Chapter 6). Second, I estimated the the maize used by each site alongside the extra
production this provides, and the calves required by finishing ranches. These data were
then used to design scenarios for investigating how different land-use strategies affect
regional populations of species (Chapter 5) and regional carbon stocks (Chapter 6).
3.2 Methods
To estimate a site’s yields for constructing density-yield functions I combined the yields
of individual land uses with land cover data for a site, and used conversion ratios to
convert these values into a single currency. I then summed production across land uses
and divided by the total area of the site to produce a yield. To build land-use scenarios
I also estimated each site’s maize and calf requirements, again converting these to a
single currency.
I chose kilograms of finished cow protein per hectare as my currency because it is
demand for meat (rather than food energy), that is driving agricultural expansion in
Tizimín District (TD) and because I was not able to get enough high quality economic
data to accurately model economic yields.
In addition to the area of each land use in each site, I therefore needed to estimate:
• Annual yields of maize and fodder grass (t ha−1 yr−1).
• Grazing yields: the annual production, in kilograms of animal protein, attributable
to animals grazing one hectare of a grazed land use (kg animal protein ha−1 yr−1).
• Feed conversion ratio: the kilograms of animal protein produced for each tonne
of maize used as feed.
• Calf conversion ratio: the kilograms of finished cow protein eventually produced
for each kilogram of calf protein that enters a finishing ranch. The inverse is the
calf requirement ratio: the kilograms of calf protein required for each kilogram of
finished cow produced.
• Maize use: annual use of maize equivalents for each hectare of a grazed land use
(t ha−1 yr−1).
To estimate these variables I used the quantitative interview data described in
Section 2.2. For each of the 77 ranches in my final data set I had the following data:
• Annual net production of animal protein (kg yr−1).
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• Areas of each type of grazed land use (ha).
• Annual fodder use (t yr−1).
• Mean mass of animals entering and leaving the ranch (kg).
• Annual yields of maize and fodder grass (t ha−1 yr−1).
I was able to estimate maize and fodder grass yields directly from interview and
database data (Section 3.2.1), but needed to model the other variables. I derived grazing
yields and feed conversion ratios using the Protein Production Model (Section 3.2.2);
the calf conversion ratio using data on the mean mass of calves and finished cows
(Section 3.2.3); and maize use using the Maize Use Model (Section 3.2.4). All the
calculations and data required are summarised in Table 3.1.
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Table 3.1 Summary of the calculations I used to estimate yields in Yucatecan ranches.
Estimates from calculations (2), (3) and (5) may vary between breeding and finishing
ranches.
Variable Data required Solution
(1) Maize and fodder
grass yields Tonnes of
maize produced per hectare
Hectares of maize and fod-
der grass in ranches
Calculate yields
(Section 3.2.1)
Production of maize and
fodder grass by ranches
Published yields Use published values
(2) Grazing yields
Kilograms of animal
protein produced per
hectare of grazed land per
year
Hectares of land uses in
ranches Protein Production Model(Section 3.2.2)Maize equivalents used by
ranches
Net protein production of
ranches
(3) Feed conversion
ratio Kilograms of animal
protein produced per tonne
of maize used
Hectares of land uses in
ranches Protein Production Model(Section 3.2.2)Maize equivalents used by
ranches
Protein production of
ranches
(4) Calf conversion
ratio Kilograms of calf
protein required by a
finishing ranch for each
kilogram of finished cow
produced
Mass of cows leaving
ranches
Calculate conversion ratio
(Section 3.2.3)
Mass of calves entering
ranches
(5) Maize use Tonnes of
maize equivalents used
annually by each hectare of
grazed land
Hectares of land uses in
ranches Maize Use Model(Section 3.2.4)Maize equivalent use by
ranches
3.2.1 Calculation (1): Maize and fodder grass yields
Few producers had information on maize and fodder grass yields, so I did not feel
these would be reliable estimates. Instead I used a combination of the maximum
reported yields (as an upper bound for my yield estimates) and yields recorded by the
agricultural ministry (SAGARPA, 2015) as a lower bound. As described in Chapter 2,
I used metabolisable energy to convert all values into tonnes of maize equivalents.
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3.2.2 Calculations (2) and (3): Grazing yields and feed
conversion ratio
To estimate grazing yields and the feed conversion ratio I parameterised what I termed
the “Protein Production Model”:
Pi =
∑
Aijαj +Miβ
where:
Pi = net annual production of ranch i (kg animal protein ha−1 yr−1)
Aij = area of land use j in ranch i (ha)
αj = grazing yield: annual kilograms of animal protein attributable to grazing one
hectare of land use j (t ha−1 yr−1)
Mi = tonnes of maize equivalent used annually in ranch i (t yr−1)
β = feed conversion ratio: the kilograms of animal protein produced by feeding animals
one tonne of maize equivalent
I obtained estimates of α and β by fitting a multiple linear regression of P on Aij
M , without intercepts and with the coefficients constrained to be positive (given it
is extremely unlikely that production will decline as the area of grazed land, or the
amount of maize used increases). I fitted models using the port algorithm of the
function nls() in R version 3.2 (R Core Team, 2015). nls() is an iterative procedure
and sensitive to starting parameter estimates, so I first fitted unconstrained linear
regressions without intercepts for the response variable (P ) against each explanatory
variable (Aj and M) in turn, and used the slopes of these regressions as my starting
estimates.
To assess possible differences between breeding and finishing ranches I fitted models
for all ranches combined, and to breeding and finishing ranches separately; using an
F-test to compare the residual deviance of the combined model against the summed
residual deviances of the two separate models. I also used F-tests to compare models
that split or combined habitat types, specifically comparing:
• Splitting or combining grazed forest and younger secondary regrowth.
• Splitting or combining mechanised pasture and irrigated pasture.
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3.2.3 Calculation (4): Calf conversion ratio
To estimate the kilograms of finished cow protein eventually produced for each kilogram
of calf protein I used the ratio of masses of finished cows and calves:
Calf ConversionRatio = Masscow
Masscalf
The inverse of this is the calf requirement ratio: the kilograms of calf protein that
each kilogram of finished cow protein requires.
3.2.4 Calculation (5): Maize use
To estimate the maize use per hectare of grazed land I used a similar method as for
the Protein Production Model to parameterise what I termed the “Maize Use Model”:
Mi =
∑
Aijλj
where:
Mi = tonnes of maize equivalent used annually in ranch i (t yr−1)
Aij = hectares of land use j in ranch i (ha)
λj = estimated maize use: tonnes of maize used annually per hectare of land use j
(t ha−1 yr−1)
Again, I fitted a positively constrained multiple linear regression without an intercept
to estimate λj using the port algorithm of nls(), and used linear regressions without
intercepts to obtain starting values. I used F-tests to assess possible differences
between breeding and finishing ranches; between grazed forest and younger regrowth;
and between mechanised and irrigated pastures.
3.2.5 Completo ranches
Completo ranches are relatively rare in the region and I was not able to interview
sufficient producers to parameterise separate Protein Yield and Maize Use Models for
them. I therefore assumed that land in completo ranches was split evenly between
breeding and finishing production. Protein yields and maize use would therefore be
the mean of the values for breeding and finishing ranches.
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3.2.6 Testing the sensitivity of my results
To test the robustness of my yield estimates, I performed a bootstrapping exercise. I
took a random sample with replacement from the interview data and fitted the Protein
Yield and Maize Use Models to it. I repeated the sampling 10,000 times and took the
mean and standard deviation of the derived estimates. I then examined how the mean
and standard deviation varied as I increased the sample size.
3.3 Results
3.3.1 Calculation (1): Maize and fodder grass yields
My study sites all reported higher maize and fodder grass yields than the mean yield
for TD: 7–8 t ha−1 for maize and 12.1 t ha−1 for fodder grass (equivalent to 7.26 t ha−1
of maize equivalents), compared with 3.02 t ha−1 and 7.62 t ha−1 for TD for the period
2003–2014 (SAGARPA, 2015). This is possibly because my maize sites were large,
specialised ranches, whereas many producers only have a small area of maize without
the infrastructure needed to raise yields. I therefore decided to use the maximum
reported yields as an upper bound, and the regional maize yield (3.02 t ha−1) as a
lower bound. Bounding my estimates in this way means that I can test the sensitivity
of my results to a wide range of potential yields, and also allows for the possibility
that my fieldwork years were unusually high yielding (Fig. 3.1). I used regional yields
of irrigated, but not rainfed maize, as the vast majority of maize grown for cattle in
TD is irrigated (pers. obs.), whilst rain-fed maize is largely part of traditional milpa
agricultural systems and has lower yields (Fig. 3.1).
3.3.2 Calculations (2) and (3): Grazing yields and feed
conversion ratio
There was strong support for splitting breeding and finishing ranches in the Protein
Production Model (F4,69 = 14.4, p < 0.0001), but not for splitting mechanised pasture
from irrigated pasture, or grazed forest from younger secondary regrowth (Table 3.2).
I therefore combined these land uses for subsequent analyses and refer to them as
“technified pasture” and “rough grazing”, respectively. Grazing yields in both breeding
and finishing ranches were highest for mechanised pasture followed by pasture and
then grazed forest (Fig 3.2, Table 3.3). Finishing ranches had higher grazing yields for
all land uses except rough grazing, and a higher feed conversion ratio.
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Fig. 3.1 Mean reported yields for irrigated and rain-fed maize in TD for 2003–2014.
Data obtained from (SAGARPA, 2015). Shaded region indicates my fieldwork years.
Table 3.2 Model comparisons for Protein Production and Maize Use Models.
Model Production Comparison F-test p-value
Protein
Production
Model
Breeding
Grazed forest vs. regrowth F1,44 = 2.73 0.106
Irrigated vs. mechanised
pastures F1,44 = 2.32 0.135
Finishing
Grazed forest vs. regrowth F1,23 = 0.005 0.944
Irrigated vs. mechanised
pastures F1,23 = 0.907 0.351
Maize Use
Model
Breeding
Grazed forest vs. regrowth F1,45 = 0.044 0.835
Irrigated vs. mechanised
pastures F1,45 = 2.86 0.100
Finishing
Grazed forest vs. regrowth F1,24 < 0.001 1.000
Irrigated vs. mechanised
pastures F1,24 = 0.046 0.832
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Fig. 3.2 Grazing yield (a) and feed conversion ratio (b) estimates from the Protein
Production Model.
3.3.3 Calculation (4): Calf conversion ratio
The modal mass for animals leaving ranches was 200 kg for breeding ranches, and 500
kg for finishing ranches. I therefore estimated the calf conversion ratio as:
Calf ConversionRatio = 500200
This means that one kilogram of calf protein is on average converted into 2.5 kilograms
of finished cow protein. The calf requirement ratio is the inverse of this, meaning that
finishing ranches require 0.4 kilograms of calf protein to be supplied for each kilogram
of finished cow protein that they produce.
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3.3.4 Calculation (5): Maize use
There was strong support for splitting breeding and finishing ranches in the Maize Use
Model (F3,71 = 118, p < 0.0001) but no support for splitting mechanised pasture from
irrigated pasture or grazed forest from younger secondary regrowth (Table 3.2). Maize
use was higher in finishing ranches for pasture and technified pasture, with pasture in
finishing ranches having by far the highest use rates. Maize use was lowest in rough
grazing, which was the only land use with higher use rates in breeding than finishing
ranches (Fig. 3.3, Table 3.3).
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Fig. 3.3 Tonnes of maize used per hectare of grazed land uses in breeding and finishing
ranches.
Table 3.3 Yields and maize use rates for grazed land uses in breeding and finishing
ranches.
Production
Type Land Use
Grazing Yield
(kg ha−1)
Maize Use
(t ha−1)
Breeding
Technified pasture 12.3 0.222
Pasture 7.77 0.119
Rough grazing 5.09 0.0996
Finishing
Technified pasture 56.9 0.658
Pasture 13.0 9.93
Rough grazing 0.425 0.00
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3.3.5 Sensitivity of these results
Bootstrapping demonstrated considerable variation in protein production (Fig. 3.4)
and maize use (Fig. 3.5) estimates, but the mean of estimates remained relatively
constant as the number of ranches sampled increased, giving me confidence that larger
sample sizes would result in similar estimates. The exception is maize use in pasture
in finishing ranches, which steadily increased. I therefore performed further sensitivity
analyses when investigating the biodiversity and ecosystem service impacts of different
land-use strategies (Sections 4.2.4, 5.3.2, 5.5.3).
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Fig. 3.4 Results of the bootstrapping exercise showing how the mean and standard
deviation of estimates from the Protein Production Model varied as sample size
increased. Dark lines show the mean of the 10,000 samples taken, shaded areas show
the standard deviations. Coefficient values are in kg protein ha−1yr−1 (grazed land
uses) and t−1 yr−1 (feed conversion ratio).
50
Estimating yields and production in livestock
systems
Breeding
0.0
0.5
1.0
1.5
2.0
2.5
10 20 30 40 49
Finishing
0
2
4
6
8
10 15 20 25 28
No. ranches sampled 
 
 Land use
M
ai
ze
 U
se
(t h
a−
1  
yr
−
1 )
Pasture     Tec. Pasture     Rough grazing
Fig. 3.5 Results of the bootstrapping exercise showing how the mean and standard
deviation of estimates from the Maize Use Model varied as sample size increased. Dark
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3.4 Discussion
3.4.1 Differences between breeding and finishing ranches
The significant differences between breeding and finishing ranches for the Protein
Production and Maize Use Models arise from their different management regimes and
energetic needs. Breeding ranches maintain a breeding herd of animals that are not
fattened for slaughter. These animals do not contribute to production as I measured it
but consume a large proportion of the energy available from grazing or fodder inputs
(Pelletier et al., 2010) leading to lower estimates for grazing yields and feed conversion
ratios in the Protein Production Model. Breeding animals will be fed just enough
fodder to maintain condition and ensure that they can produce calves, whereas those
in finishing ranches may be fed large amounts of fodder to maximise weight gain –
hence the lower estimates for breeding ranches from the Maize Use Model. Calves in
breeding ranches will be fed large amounts of fodder, but as smaller animals their rates
of consumption will be relatively low.
Rough grazing differs from this pattern, with higher maize use and grazing yields in
breeding than finishing ranches. Rough grazing is used to maintain animals during the
dry season, rather than to fatten them, and is more commonly used in breeding than
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finishing ranches, which are more likely to increase fodder inputs to survive the dry
season (pers. obs.). Breeding ranch producers may therefore take the area of rough
grazing into account when estimating the herd they can maintain, meaning it will
influence the production and maize use of a ranch. Producers in finishing ranches,
however, are likely to ignore rough grazing when judging their herd size, meaning it
will have little effect on either production or maize use.
3.4.2 Patterns in yields and maize use between land uses
Technified pasture had the highest grazing yields due to higher quality soils than
pasture and correspondingly greater grass growth. These improved soils may also
explain the lack of difference between mechanised and irrigated pastures, if deeper soils
are more important in determining yields than is irrigation. This idea is supported by
the observation that mechanised pastures maintained far better forage late in the dry
season than non-mechanised pastures. Ranches with large areas of either mechanised
or irrigated pasture tend to have similar animal management regimes (with rotational
grazing, and high rates of antihelminthic use) and this probably explains the lack of
difference between maize use for irrigated and mechanised pastures. Alternatively,
because only seven of the 77 ranches I used to fit the models had mechanised, but
non-irrigated, pastures, my models may have lacked sufficient power to distinguish
between land uses.
The low grazing yields for rough grazing probably reflect the fact that these areas
are rarely actively managed. Few producers plant or promote nutritious plants such
as Brosimum alicastrum or Leucaena leucocephala, and instead use grazed forest to
provide shade and relatively low quality fodder during the dry season. This ‘safety
net’ role may also explain their low maize use, as they act in effect as a substitute
for maize during the dry season. In contrast, pastures had very high maize use rates,
which were needed to maintain animals when grass growth fell due to a lack of water
and poor soils. Finally, from conversations with producers it was apparent that they
viewed grazed forests and secondary regrowth similarly, so producers will not vary
their management based on which of the two is present. This may reflect the fact that
the forage or shade provided will not vary much with vegetation age, which would
also explain why grazing yields did not differ. Another possibility, however, is that
producers varied in their definitions of different vegetation types. I could not visit
every patch of forest/regrowth described, and so relied on producers’ classifications. If
these varied, then differences between land uses could be obscured.
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3.4.3 Appropriateness of different yield metrics
Agricultural production is comprised of multiple currencies that need to be converted to
a single metric to allow comparisons across sites and systems. Using simple nutritional
metrics such as energetic or protein yields will lose details of exactly which nutrients
are provided (e.g. DeFries et al., 2015), but can be used to explore how to meet specific
production targets based on a population’s demands. Economic yields cannot be used
to set production targets in this way because economic gains can be substituted by
other income sources in a way that food cannot. Economic yields can, however, include
inputs, such as labour, and allow comparisons between very different products, for
example staples, such as rice, and cash crops, such as cocoa or bananas.
I chose to use kilograms of finished cow protein produced per hectare as my metric,
because it is demand for meat specifically that that is driving agricultural expansion in
TD and because I was not able to get enough high quality economic data to accurately
model economic yields. In particular, producers were unable or unwilling to provide
information on the capital costs of clearing forest for pasture (a process which pre-dated
most of the producers I interviewed) or the costs of harvesting maize.
In reality, neither nutritional nor economic yields are likely to completely capture
the proximate drivers to which producers respond. Farmers will probably seek to do
more than simply maximise profits per hectare: capital costs; crop reliability and
resilience; personal expertise; and social context are all likely to influence their decisions.
Understanding the drivers of farmer behaviour is extremely important for conservation
(e.g. Angelsen, 2010; Ceddia et al., 2014) but the detailed social and economic research
needed investigate them is beyond the scope of my thesis. Instead, my analyses focus
on identifying the land-use strategies that can balance food production and biodiversity
conservation, not the factors that influence farmer behaviour.
3.4.4 Potential issues with models
Standardising land uses and fodder types into a small number of categories could
potentially reduce the accuracy or reliability of my yield estimates: land uses can vary
with the forage species present or management intensity, and whilst energy is the most
frequently limiting factor in Yucatecan ranches (Baba, 2007), fodders provide many
other nutrients, meaning that producers could import equal quantities of fodder in terms
of metabolisable energy, but gain very different yields, depending on their knowledge
of their animals’ requirements. Finally, ranches may vary in management regime and
husbandry. High intensity rotational grazing, for example, has been promoted by
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some as a higher-yielding method of animal management (e.g. Norton 1998 but see
Briske et al. 2007); whilst anthelminthic drugs (Sutherland and Leathwick, 2011) and
supplements (Moore et al., 1999) can also affect production.
3.4.5 Conclusions and how to use these estimates
I found that technified pastures had the highest grazing yields for both breeding and
finishing ranches, followed by pasture and then rough grazing. Grazing yields and feed
conversion ratios were higher for finishing than breeding ranches, as were maize use
rates, except for in rough grazing. I also estimated maize and fodder grass yields and
both calf conversion and calf requirement ratios.
In the following chapters I used these estimates in two ways. To describe the yields
of my study sites for density yield functions I used the maize and fodder grass yields
and grazing yields, combined with the land uses in each site to calculate the production
of maize, calves and cows. I then used the feed conversion ratio for finishing ranches
and the calf conversion ratio to convert all production values to finished cow equivalents.
I then used this value to construct density yield functions for species (Chapter 4) and
carbon stocks (Chapter 6).
To estimate the production and requirements of alternative region-wide land-use
scenarios I calculated the production of each site as above. However, I also estimated
the maize use of the sites and used the feed conversion ratios to calculate the extra
production that this would result in. In finishing ranches I also used the calf conversion
ratio to calculate the calves required. I then used these figures for maize production
and use, calf production and requirements, and finished cow production to construct
scenarios to investigate the impacts of different land-use strategies on species’ regional
populations (Chapter 5) and regional carbon stocks (Chapter 6).

Chapter 4
Species’ Responses to Yields
“Everyone likes birds. What wild creature is more accessible to our
eyes and ears, as close to us and everyone in the world, as universal
as a bird?”
David Attenborough
4.1 Introduction
In this chapter I will explore the effects of increasing agricultural yield on the population
densities of birds, trees and dung beetles in Yucatecan cattle ranching landscapes. I
start by explaining why I chose to investigate population density as my biodiversity
metric, and the uses and limitations of density-yield functions in my study system. I
then describe how I fitted density-yield functions and identified the land-use strategies
that allow the highest population density of each species to survive for any given target
yield. Finally I investigate variables that can help explain how species respond to
agriculture.
4.1.1 Biodiversity and yield metrics
Species richness and diversity indices are commonly used to investigate the impacts of
agricultural practices on biodiversity (e.g. Perfecto et al., 2005; Steffan-Dewenter et al.,
2007; Bhagwat et al., 2008; Clough et al., 2011) but fail to take into account either
species identity, or variation in population size and hence the probability of species
persistence in a landscape.
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Species identity is important because not all species are equal from a conservation
perspective: species with restricted habitat specificity, small range sizes and small local
population sizes are likely to be of greater conservation concern than adaptable, wide
ranging species with large local populations (Rabinowitz et al., 1986). Species richness
does not capture the probability of persistence as it is based on presence-absence
data, and a species’ presence in a landscape does not guarantee that it has a healthy
population there. Information on population density is far better, because larger
populations are more likely to survive in the long-term (e.g. Berger, 1990). It does not
include information on migration, reproductive rates or survival and so cannot identify
if populations are viable, but these detailed demographic data are unfeasible to collect
for hundreds of species across dozens of study landscapes. Steps can also be taken
to ensure that population density is more likely to reflect probability of persistence:
using buffer zones reduces edge effects, whilst studying landscapes that have not been
recently altered can help allow for relaxation time (Diamond, 1972; Tilman et al., 1994;
Brooks et al., 1999), although extinction debts may last for many years (Tilman et al.,
1994; Brooks et al., 1999).
4.1.2 Uses and limitations of density-yield functions
Density-yield functions can be used to describe how species population densities respond
to increasing agricultural yields (Green et al., 2005). This provides valuable information
on the ecological or evolutionary traits that may influence how species respond, and
so allow the development of models to predict the least damaging land-use strategies
without having to collect data on individual species. Previous studies have also used
density-yield functions to investigate how different ways of producing food are likely
to affect regional species populations (e.g Phalan et al., 2011b; Hulme et al., 2013;
Dotta et al., 2015; Kamp et al., 2015). This makes sense if individual study sites can
be approximated to a self-contained system, because the land uses in any one site
could be scaled up to meet an overall production target (although in reality, most
study sites require external inputs such as fertilizers or food for workers). Yucatecan
cattle ranches, however, are much further from being self-contained. My study sites
produce (in varying proportions) three interdependent currencies: finished cows, calves
and maize. No single site can be scaled up to meet a production target as it will
have requirements in terms of calf or maize inputs, or not produce the same currency
(finished cows) as the production target.
In this chapter, therefore, I fit density-yield functions in order to investigate the
effects of yields on species’ population densities within individual sites. This allows me
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to compare my results with those from elsewhere but I do not use them to estimate
regional population sizes. Instead I use the land-use scenarios described in Chapter 5
to do this.
4.2 Methods
4.2.1 Estimating yields of study sites
To estimate study site yields I multiplied the area of each land use in a site by its yield,
estimated in Chapter 3: grazing yield for grazed land uses and maize and fodder grass
yields. This gave me site totals for kilograms of calf protein, kilograms of finished cow
protein and tonnes of maize equivalents.
Converting yields to a single currency
To compare sites I converted all production to a single metric: ‘finished cow equivalents’.
I multiplied calf protein production by the calf conversion ratio: the kilograms of finished
cow protein eventually produced for each kilogram of calf protein (see Section 3.2.3). I
multiplied the tonnes of maize equivalent produced by the feed conversion ratio for
finishing ranches: the kilograms of finished cow protein produced by feeding animals
one tonne of maize equivalent (see Section 3.2.2). Once all production values were in
kilograms of finished cow protein, I summed them and divided by the area of each
study site (100 ha) to get yield, measured in a common currency across all sites.
4.2.2 Fitting density-yield functions
I used maximum-likelihood optimisation to fit two possible density-yield functions.
Model (1) is monotonic, whereas Model (2) allows populations densities to increase
and then decrease:
(1) : n/v = exp(b0 + b1xα)
(2) : n/v = exp(b0 + b1xα + b2x2α)
where:
n = the number of clusters observed in the study site
v = an offset term to adjust for the area surveyed
x = the yield of the site in kilograms of protein per hectare per year
For birds, v = ∑Ai/s, where:
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Ai is the effective detection area for the species at point i, derived from detection
functions (see Section 2.3.2) and summed across all points surveyed in the site; s is the
mean cluster size for the species.
For trees, v is the total area surveyed in the site.
For dung beetles, we did not know how large an area we effectively surveyed, as
the distance that beetles travel to dung is not certain. I therefore used the number
of traps in a site (after accounting for those destroyed by animals) as an offset term
which adjusted for inter-site variation in sampling effort (see Section 2.3.2).
Following Phalan et al. (2011b) I constrained the value of α to be positive and less
than 4.58. Values above this give similarly shaped curves with very similar likelihoods,
making it impossible to pick a maximum likelihood model.
I fitted models using the constrained optimisation function ConstrOptim in R (R
Core Team, 2015) modifying a script written by Anthony Lamb (Kamp et al., 2015).
ConstrOptim is sensitive to starting parameters, so I first fitted ordinary least squares
regressions for the two models, varying α from 0.1 to 4.58 and selecting the version of
each model with the smallest residual sum of squares. I then used the values for b0, b1,
b2 and α from these models as my starting values in ConstrOptim. I plotted models’
predictions for yields from zero to 125% of the maximum estimated yield to allow for
the possibility of future yield increases. I considered estimated population densities
greater than 150% of the highest observed density to be unrealistic and when models
predicted these I used the function ConstrOptim.nl from the package {alabama}
to fit models using maximum-likelihood with a non-linear constraint.
I calculated the models’ residual deviances (multiplying log likelihood by -2) and
selected Model (1) for reasons of parsimony, unless Model (2) had a residual deviance
more than 3.84 lower (critical χ2 value for one degree of freedom at p = 0.05).
I did not fit density-yield functions to species only found in zero-yielding baseline
sites and instead assumed population densities of zero at all yields above zero.
4.2.3 Categorising species’ responses
I categorised species’ responses based on their predicted population densities at different
target yields.
Setting target and permissible yields
I defined each target yield as the mean yield across a region; this could be met by a
range of land-use strategies. For example a target yield of 100 kg ha−1 could be met
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by farming the whole region at 100 kg ha−1, or 25% of the region at 400 kg ha−1. I
set the minimum target at an arbitrarily low level and the maximum as 125% of the
maximum observed yield for my study sites.
Not all land-use strategies can meet every target yield. The lowest permissible
yield is equal to the target (i.e. farming all available land at that yield) and I termed
this strategy ‘land sharing’. The maximum permissible yield was always 125% of the
maximum I recorded at my sites. I termed farming at this yield ‘land sparing’ and all
other yields ‘intermediate strategies’. For each target-strategy combination I assumed
all agricultural land was farmed at the same yield.
Estimating population densities in agricultural land and natural habitats
I used the best-fit density-yield function for each species to predict its population
density in both the agricultural land and natural habitats for every target yield and
land-use strategy. I then weighted these densities by the proportion of a region under
each land use to get a mean density across the region. Using the example above, with
a target of 100 kg ha−1, a species’ mean density under land sharing would be the
predicted density at 100 kg ha−1. With a yield of 400 kg ha−1, however, the mean
density would be:
Dmean =
1
4D400 +
3
4Dbaseline
where:
Dmean = mean population density of the species across the region
D400 = population density of the species in agricultural land with a yield of 400 kg ha−1
Dbaseline = population density of the species in natural habitats
Picking best strategies and categorising species
For each target yield, I calculated the land-use strategy (land sharing, land sparing, or
an intermediate strategy) that resulted in the highest mean density of each species. If
the mean density under this strategy was higher than in baseline natural habitats I
classified the species as a ‘winner’, if lower I classified it as a ‘loser’.
Species were therefore assigned to one of six categories for each target yield: winners
favoured by land sharing, an intermediate strategy, or land sparing; or losers that
do least badly with land sharing, an intermediate strategy, or land sparing. Some
species remained in the same category for all target yields, whereas the shapes of the
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density-yield functions meant that some species changed categories as target yields
increased.
4.2.4 Testing the sensitivity of my results
To test the sensitivity of my results to the inclusion of species with few records I
performed analyses on all species, and on a subset excluding species with fewer than
10 records. This restricted analysis is likely to give a more conservative estimate of the
benefits of land sparing, because many rare species were found largely or exclusively in
zero yielding baseline sites. It ensures, however, that my results show genuine patterns
of population densities, rather than simply reflecting poorly sampled biodiversity.
4.2.5 Predictors of species’ responses
For each taxon I tested a range of possible variables to explore co-variates of species’
responses to agricultural yields. I sorted species into five groups – species that were
always winners irrespective of target yield; consistent loser species that always fared
least badly under land sharing, land sparing, or intermediate strategies; and species
with variable responses, including those that were always losers but that were favoured
by different strategies at different target yields. I then used Fisher’s exact tests (because
of low expected values, Crawley 2005) to see if the distribution of species amongst
categories was independent of each explanatory variable in turn.
For birds I tested associations with range size and forest dependence using the
World Bird Database (BirdLife International, 2015) to classify species as having small
or large global ranges and as being forest dependent or not. I classified species with an
Extent of Occurrence greater than 270,000 km2 as having ‘large’ global ranges, as this
is approximately the size of the ecoregions that make up the Yucatán Peninsula (YP,
Olson et al., 2001). For forest dependence, I combined the ‘forest specialist’ with the
‘forest as a major habitat’ category, and ‘generalist’ with ‘non-forest’ to leave simply
‘forest dependent’ and ‘non-forest dependent’ categories.
For trees I tested associations with range size and wood density. I used the Flora
Digital: Península de Yucatán (CICY Herbarium, 2014) to classify species as having a
small or large global range, depending on if they were restricted to Central America or
not. I used wood specific gravity values from Zanne et al. (2009), classifying species as
having high or low wood densities depending on whether they had densities higher or
lower than the mean density for all species I surveyed, after excluding those without
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species specific values (see Section 2.4.2) and testing whether densities were normally
distributed (Shapiro-Wilk test: W = 0.98, p = 0.172).
For dung beetles I looked for any association with body size (greater or less than 5
mm in length); diet (generalist, coprophage, or ‘trophic specialists’ - those that specialise
on fruit or fungi Halffter and Halffter, 2009); dung removal strategy (tunneller or
roller); and activity period (diurnal or nocturnal). Classifications for all but size came
from Halffter and Matthews (1966); Hanski and Cambefort (1991); Navarrete and
Halffter (2008) and Barragán et al. (2011).
4.3 Results
4.3.1 Yields of study sites
The highest yielding sites were tecnificado sites that produced finished cows and maize;
breeding ranches tended to have lower yields (Fig. 4.1).
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Fig. 4.1 Yields of my productive study sites, showing the contribution of different
production types.
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4.3.2 Species responses
The largest response category for each taxon was losers that did least badly with land
sparing (Fig. 4.2). For trees and dung beetles most species belong to this group at all
target yields and the proportion of species in this group increased as the target yield
increased (Fig. 4.3). Birds had a higher proportion of winners than did trees or dung
beetles, with the majority of winner birds favoured by land sharing. Across all 305
species analysed, no species were losers favoured by land sharing at all target yields.
Between 33% (trees) and 44% (dung beetles) of species had optimal strategies that
varied as the target yield increased, with most becoming losers that did least badly
with land sparing (Fig. 4.3). Removing rare species did not alter the patterns observed
(Figs. A.2, A.3).
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Fig. 4.2 The proportion of species in each taxon in different response categories. Black
lines show the number of species that are always winners, but which are favoured by
different strategies at different target yields.
4.3.3 Predictors of species’ responses
There was a significant difference in response categories for birds with different levels of
forest dependence (p=0.004) and for trees with different range sizes (p=0.006) or wood
densities (p=0.017, Fig 4.4). No other variables predicted species’ response categories
(birds - range size: p=0.79; dung beetles - size: p=0.22; dung removal strategy: p=0.40;
activity period: p=0.18; diet: p=0.19).
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Fig. 4.3 Response categories of birds trees and dung beetles at different target yields.
Light colours are winners, dark colours losers. The vertical black lines represents
current yield: the production in Tizimín District of calves, finished cows and irrigated
maize grain, converted to finished cow equivalents and divided by the land available
for production.
4.4 Discussion
Most species of birds, trees and dung beetles in Tizimín District are highly sensitive
to agriculture. Whilst most species decline with increasing yields, it is the initial
transition from natural habitats to agricultural land that causes the greatest declines in
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Fig. 4.4 Variations in species’ responses to agriculture with different explanatory
variables for a) forest dependence in birds (p=0.004) b) global range size (p=0.006)
and c) wood density in trees (p=0.017). All values are from two-sided Fisher’s exact
tests. The ‘winners’ category contains all winner species, irrespective of optimal
land-use strategy.
population densities. These results are robust to excluding rare species, demonstrating
that they do not depend on very rare, or poorly sampled species. These findings re-
emphasise the importance of natural habitat protection as a key conservation strategy
for the biota of the YP.
4.4.1 Comparisons between taxa and with previous studies
My results are consistent with previous studies in a range of ecological and agricultural
systems across the world (Phalan et al., 2011b; Hulme et al., 2013; Edwards et al.,
2014, 2015; Dotta et al., 2015; Kamp et al., 2015; Feniuk, 2016). Most species are
losers favoured by land sparing, and patterns across taxa are similar: plants are more
sensitive to agricultural disturbance than other taxa (Phalan et al., 2011b; Dotta,
2013; Feniuk, 2016), reflecting their sessile nature and the fact that the transition from
natural habitats to agricultural land is often accompanied by the wholesale replacement
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of native vegetation. Dung beetles were also extremely sensitive to agricultural change,
possibly reflecting their sensitivity to small changes in habitat structure (Halffter et al.,
1992; Halffter and Arellano, 2002), or the reliance of some species on specific types of
dung (but see Larsen et al., 2006).
The relative resilience of birds to agricultural change (again supporting Phalan
et al., 2011b; Dotta, 2013; Feniuk, 2016) could be because they can move between
patches of remnant vegetation within agricultural landscapes more easily than can
other taxa. This high mobility may also have allowed species resilient to agriculture
to expand into new regions alongside farming, thus shifting the avifauna I sampled
towards more agriculturally tolerant species than might have been present prior to the
advent of farming.
The relative insensitivity of birds to agricultural change raises questions over their
suitability as indicators of wider biodiversity or ecological change. However, a large
analysis of the use of different species groups as indicators in the Brazilian Amazon
found that not only were birds one of the most cost-effective taxa to survey, but they
were also very good indicators of ecological change, and better than average indicators
of biodiversity change (Gardner et al., 2008). Indeed, despite their relative resilience,
losers that did least badly with land sparing still comprised the largest group of bird
species. This increased to an overall majority at relatively low yields.
4.4.2 Predictors of responses
A higher proportion of forest dependent than non-forest dependent bird species were
losers that did least badly with land sparing (Fig. 4.4): many forest-dependent
species such black-faced antthrush Formicarius analis and ivory-billed woodcreeper
Xiphorhynchus flavigaster have very low population densities on any agricultural land;
their mean population density will therefore depend largely on the proportion of the
region under natural habitats and so they will do least badly under land sparing.
Conversely, more non-forest dependent species were winners because species such as
blue-black grassquit Volatinia jacarina and Botteri’s sparrow Peucaea botterii rely on
open habitats which increase in extent under agricultural expansion.
For trees with large global ranges, a higher than expected proportion were winners,
and fewer were losers that did least badly with land sparing (Fig. 4.4). This follows
previous results for trees (Phalan et al., 2011b) and birds (Phalan et al., 2011b; Hulme
et al., 2013) in Ghana, Uganda and northern India, and may reflect the fact that more
widespread species are likely to have wider fundamental niches (Morin and Chuine,
2006) and may therefore may be more resilient to habitat disturbance than more
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specialised, range restricted species. Higher wood density species tend to grow more
slowly (King et al., 2006) and as such may be more sensitive to habitat disturbance than
are faster-growing opportunistic species; this would explain why a higher proportion of
densely wooded species were losers that did least badly with land sparing.
Previous studies have suggested that body size and activity period could be im-
portant in determining dung beetle response to environmental change (Jankielsohn
et al., 2001; Larsen et al., 2005; Gardner et al., 2007; Larsen et al., 2008; Nichols
et al., 2013) but my results did not support this. This could be due to the lack of
detailed studies of Yucatecan dung beetle communities, a general lack of knowledge
of dung beetle functional traits (Nichols et al., 2013), the relatively small number of
species collected, or the broad categories I used to classify species. For example, my
‘coprophage’ classification included species such as Canthon indigaceus which were
hyperabundant in cattle pastures, but some coprophages may rely on the dung of one
or two species and thus be extremely sensitive to ecological change (e.g. Nichols et al.,
2009). Exactly what determines how Scarabaeinae species respond to agricultural
yields is far from clear and, given their functional importance in cattle pastures, this
should be a research priority for both conservationists and rangeland managers.
4.4.3 Limitations of this analysis
As discussed previously, the results from this chapter cannot be used to predict actual
species populations under different food-production scenarios. The highest yielding
study sites (i.e. those that would be used in a land-sparing strategy) were dominated
by finishing and maize ranches (Fig. 4.1). These sites require breeding ranches to
supply them, and so farming all agricultural land in a region at this yield would require
a large area elsewhere to supply these. Similarly, the lowest yielding sites (i.e. those
that would form a land sharing scenario) are largely breeding ranches that require
finishing ranches to fatten the calves produced into slaughter-ready cows. To account
for these agricultural footprints I developed a method to construct plausible scenarios
for Yucatecan livestock production, described in Chapter 5.
In addition, for some species I had records from very few sites (Table A.1) which is
likely to have made model fitting somewhat unreliable. Whilst dropping rare species
(Figs. A.2, A.3) will have accounted for this to some extent, results from density-yield
functions fitted to few non-zero densities should be interpreted with caution.
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4.5 Conclusions
Despite its limitations, this analysis demonstrates that birds, trees and dung beetles
in Tizimín District respond in a similar manner to increasing agricultural yields as a
range of taxa from across the world (Phalan et al., 2011b; Dotta, 2013; Hulme et al.,
2013; Edwards et al., 2014; Dotta et al., 2015; Edwards et al., 2015; Kamp et al.,
2015; Feniuk, 2016). This is despite the very different production systems studied
and the the long history of anthropogenic and natural disturbance in the YP. I had
expected that the combination of agricultural clearance and the evolutionary history
of the region would have acted as an extinction filter, leading to the loss of the most
disturbance sensitive species (Balmford, 1996) and the evolution of a biota which was
relatively resilient to habitat disturbance, hurricanes and periodic droughts (Hodell
et al., 1995; Boose et al., 2003; Haug et al., 2003). I discuss these results more fully
and in comparison with those obtained from scenario building in Chapter 7.

Chapter 5
Future Scenarios
“We have inherited an incredibly beautiful and complex garden, but
the trouble is that we have been appallingly bad gardeners. We have
not bothered to acquaint ourselves with the simplest principles of
gardening”
Gerald Durrell
5.1 Introduction
Density-yield functions provide us with valuable information about how species respond
to increasing yields, but to assess how regional populations would change under different
land-use approaches I needed land-use scenarios that can take into account the external
requirements of different study sites: maize fodder, calves, and finishing ranches to
turn calves into finished cows. Such scenarios are not predictions of what will happen
in Yucatán, but rather tools for investigating how choices over land uses are likely to
affect biodiversity.
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5.1.1 Definitions
In this chapter I use the following terms:
• Production target: the overall production of animal protein (as finished cow,
calf or both) for the region.
• Land-use strategy: whether agricultural land is farmed at the highest possible
yield (land sparing), the lowest possible yield (land sharing), or an intermediate
yield.
• Land-use scenario: the unique combination of production target and land-use
strategy.
5.1.2 Aims of this chapter
In this chapter I model different possible land-use scenarios for Tizimín District (TD) up
to 2030, quantify the land uses in each and assess their probable effects on population
sizes of birds, trees and dung beetles. To do this, I need to:
1. Choose plausible production targets.
2. Estimate the production and input requirements of each study site in terms of
maize equivalents, calf protein and finished cow protein.
3. For a given production target, build up a land-use scenario by randomly picking
study sites that reflect a land-use strategy (say, land sharing) until the production
target and associated maize and calf requirements are met.
4. Repeat this for different land-use strategies (using different groups of study sites).
5. Repeat Steps 3 and 4 for other production targets.
6. Combine species’ population densities in different study sites with the land-use
scenarios generated by Steps 3 to 5 to estimate their consequences for the region’s
bird, tree and dung beetle populations.
5.2 Picking plausible futures
TD produces both finished cows and calves for export, so I set production targets for
both. I used data from SAGARPA (2015) for 2006–2013 (the last year for which data
were available) and backwards stepwise model selection to construct a linear model
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relating animal production to year, whether the output was of finished cows or calves,
and an interaction between year and output type. Both year and production type were
significant (Fig. 5.1), but not the interaction between the two (F1,12 = 0.973, p = 0.343).
I converted these production levels to production targets for protein using a dressing
percentage of 50% (FAO, 1972) and a protein content for ruminant meat of 17.4%
(USFDA, 2015). I estimated current production as the mean of the values for 2010–2013
and used my fitted linear model to project annual increases up to 2030. I estimated
2030 production levels as approximately 130% of current levels for calves, and 170% for
finished cows. However, to account for the uncertainty in future production patterns
I used targets ranging from 10 to 170% of current production. For each production
target I increased the production of calves and finished cows at the same rate.
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Fig. 5.1 Production levels for calves (gold) and finished cows (blue) in Tizimín District
for 2006–2013. Dashed lines show the relationship estimated by linear regression:
Calves: Production = 798× year − 1566664;
Finished cows: Production = 798× year − 1584404
(F2,13 = 92.1, r2adj = 0.924, p < 0.0001)
I assumed that TD produced all the maize required within the region. This is not
the situation today (the region imports the majority of maize used from the USA and
elsewhere), but the area of irrigated maize for cattle fodder is increasing (Fig. 1.4) and
this assumption allows me to quantify the biodiversity impacts of fodder production. I
explore the effects of relaxing this assumption in Section 5.7
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5.3 Building scenarios
5.3.1 Estimating study site production and requirements
I estimated the production and requirements of each of my study sites using the
procedure in Fig 5.2:
(1) I calculated the production of maize equivalents in each site by multiplying the
area of maize and fodder grass by their yields (estimated in Section 3.2.1).
(2) I calculated the maize use of the breeding and finishing ranches in each site by
multiplying the area of each type of grazed land by the coefficients from the Maize
Use Model (Section 3.2.4).
(3) I calculated the production of calf and finished cow protein in a site:
(a) Production from grazing: I multiplied the area of each type of grazed land
in breeding and finishing ranches by its grazing yield (from the Protein
Production Model, Section 3.2.2).
(b) Production from maize: I multiplied the maize used (from Step 2) by the feed
conversion ratio for breeding or finishing ranches (i.e. the kilograms of calf or
cow protein produced for each tonne of maize used as feed, again from the
Protein Production Model in Section 3.2.2.).
(c) I summed the values from (a) and (b) to get the overall production of calf or
finished cow protein in each site.
(4) I estimated the calves required by finishing ranches by multiplying the overall
production of cow protein (from Step 3) by the calf requirement ratio (from
Section 3.2.3). Completo ranches produce their own calves and so I set their calf
requirements to zero.
Finally, I estimated the total production of each site and the net production of
maize equivalents and calf protein. I converted all values into finished cow equivalents
using the feed conversion ratio for finishing ranches (from the Protein Production
Model, Section 3.2.2) and the calf conversion ratio (from Section 3.2.3). I then summed
these to obtain total production of a site. Net production of maize equivalents was
the site’s production of maize equivalents minus its usage; net calf production was
the site’s production of calf protein minus the calves required (again, with all values
converted to finished cow equivalents).
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Fig. 5.2 Schematic of the ranching system in Yucatán. Solid lines represent energy
or biomass flows; dashed lines show that information on the grazed land in a ranch
is needed to estimate maize use and that calf requirements depend on cow protein
production. Numbers refer to the calculation steps in Section 5.3.1.
5.3.2 Scenario building method
I first grouped sites based on production type and yield and then used these groups to
iteratively build land-use scenarios to meet a range of production targets.
Grouping study sites by production type and yields
To group my study sites I classified them into different production types and ranked
them by yield. I classified the five zero-yielding forest sites as baselines; the five maize
ranches as maize sites; and the remaining sites as breeding or finishing sites based on
whether they had a greater net production of calf or finished cow protein.
To calculate each site’s yield I divided its total production by the area required to
produce it. If the site had negative net maize production, then the area required was
the size of the site (100 ha) plus the value of this deficit divided by a yield of 8 t ha−1.
Otherwise the area required was simply the area of the site. After calculating yields
I ranked sites within the breeding, finishing and maize classifications and grouped
subsets of each into different land-use strategies, based on their yields (Table 5.1).
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Table 5.1 How I grouped study sites into land-use strategies for scenarios. Sh. and
Sp. refer to land sharing and land sparing, Br, F and M refer to breeding, finishing
and maize sites. Yields are in kilograms of finished cow equivalents.
Site Yield Rank Land-use strategy
(kg ha−1 yr−1) Sh. Intermediate Sp.
Br1 1269 8 - - - - -
Br2 1712 7 - - - -
Br3 1722 6 - - -
Br4 1745 5 - - -
Br5 1894 4 - - -
Br6 2022 3 - - -
Br7 2617 2 - - - -
Br8 3251 1 - - - - -
F1 1151 7 - - - - -
F2 1934 6 - - - -
F3 2664 5 - - -
F4 2854 4 - - -
F5 3326 3 - - -
F6 4545 2 - - -
F7 5553 1 - - - -
M1 2666 5 - - -
M2 3248 4 - -
M3 3791 3 - -
M4 3899 2 - -
M5 4266 1 - - -
Building the scenarios
For each production target from 10–170% of current production I used the process
outlined in Fig. 5.3 to build land-use scenarios using the sites from one land-use strategy.
I first picked study sites to produce calves for export and the maize to support this
production (Section a) of Fig. 5.3).
1. I randomly selected a breeding site and evaluated whether its net calf protein
production was greater than the production target for calf protein. If so, I
stopped and moved to Section b) below. If not, I moved to Step 2.
2. I evaluated whether the net maize production of the selected site(s) was negative
(i.e. if there was a maize deficit). If so, I moved to Step 3, if not then Step 4.
3. I randomly selected a maize site, added it to the list of selected sites, and returned
to Step 2.
4. I randomly selected another breeding site, added it to the list of selected sites,
and repeated Steps 2-4 until the production target for calf protein was met.
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Fig. 5.3 Schematic of scenario building process, starting by a) meeting the calf protein
production target and then b) the finished cow production target.
This process produced calf protein for export, the maize to support this production and
some finished cow protein (some breeding sites also produced small amounts of finished
cow protein). I evaluated whether this satisfied the production target for finished cow
protein and stopped the scenario building process if so. If not, I continued with Section
b) of Fig. 5.3.
1. I randomly selected a finishing site, added it to the list of selected sites, and
moved to Step 2, below.
2. I evaluated whether there was a maize deficit. If so I then moved to Step 3, if
not then Step 4.
3. I randomly selected a maize site, added it to the list of selected sites, and returned
to Step 2.
4. I evaluated whether, once accounting for the calf production target, the selected
sites had a calf deficit. If so then I randomly selected a breeding site, added it to
the list of selected sites, and returned to Step 2. If not, I moved to Step 5.
5. I evaluated whether the finished cow protein production from all selected sites
met the production target for cow protein. If so I then I stopped, if not, I returned
to Step 1.
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Because the scenario building process selected sites at random, repeating the process
gave slightly different results. I therefore repeated the process multiple times for every
scenario and used the mean number of times that each site was picked across these
repeats for further analysis. I used bootstrapping to judge how many repetitions were
needed by selecting, at random and with replacement, 1,000 runs of the analysis and
calculating the mean and standard deviation of the number of times each site was
selected across these runs. I then increased the sample size to a maximum of 150 runs,
repeating the bootstrapping each time. From looking at how the mean and standard
deviation varied with sample size I estimated that running the analysis 50 times would
give sufficiently reliable results (Fig. A.4).
To test the sensitivity of my results to uncertainty in yield estimates, I also built
scenarios using the lower estimate for maize and fodder grass yields of 3.02 t maize
equivalents ha−1 yr−1 (see Section 3.3.1). I also used the 10,000 bootstrapped yield
estimates derived in Section 3.2.6 to calculate 10,000 estimates of each site’s production
and requirements. I re-grouped sites into land-use strategies for each of these estimates,
calculated how many times each site was used in each land-use strategy and compared
these groupings to those I used to build my scenarios. Considerations over computing
time prevented me from running the full scenario building process for the 10,000
repetitions.
5.4 Results: Land-use composition across
different strategies
This process gave me land-use scenarios that met production targets from 10–170% of
current production, using a range of land-use strategies. However, not all scenarios
were feasible because some strategies required more land than was available in TD.
I discarded these unfeasible scenarios, meaning that the study sites and land uses
used in land sharing (i.e. the lowest yielding strategy) varied as production targets
increased. Moreover, at a production target of 170% of current production levels,
only land sparing was feasible. This in itself is informative but prevented me from
comparing different land-use strategies. For further analyses I therefore assumed a 2030
production target of 130% of current production, equivalent to the likely production
target for calf protein (see Section 5.2).
As the yields of land-use strategies increased, the area under technified pasture
increased, and the area under pasture decreased (Fig. 5.4). The total area required
also decreased – for example, at a production target of 130% of current production, the
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total area required fell from 92% of available land under land sharing to 71% with land
sparing. Using lower maize yields did not qualitatively change my results (Fig. A.5) and
the bootstrapping exercise revealed that the majority of sites did not change grouping
across most of the 10,000 repetitions (Fig. A.6). My results are therefore unlikely to
change greatly even with uncertainty in yield estimates.
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Fig. 5.4 Area of different land uses under different land-use strategies for a 2030
production target of 130% of current production. Values are percentages of the total
area of Tizimín District and the black dashed line shows the total area currently
under pasture, technified pasture and maize (from SAGARPA, 2015). In reality, the
area under production is larger than this because some of the forest and secondary
regrowth in the region will be grazed. Unused land could in theory be spared for nature
conservation.
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5.5 Estimating the biodiversity impacts of
scenarios
These scenarios provide estimates of the areas of different land uses under different
strategies, but to assess which are the least damaging required information on their
implications for biodiversity and carbon stocks. I describe their impacts on biodiversity
below, and on carbon stocks in Chapter 6.
To investigate biodiversity impacts I estimated the pre-human and current popula-
tions of each species across the whole of TD and compared this with estimated regional
populations under each scenario. I based all estimates on the population densities of
each species in different study sites, which I estimated by dividing the total count of
each species by the area surveyed in each site, taken from Section 2.3.
5.5.1 Estimating past and current population sizes
I assumed that before human arrival the region was completely forested and so estimated
pre-human populations as the mean population density of each species across my five
baseline study sites multiplied by the area of TD.
To estimate current population sizes I used a similar process to that used to build
scenarios. I first used my quantitative interviews and agricultural ministry data for 2011
(the last year for which data were available, SAGARPA, 2015) to estimate the areas
of pasture, technified pasture and cropland in TD. I assumed all cropland was maize
although there are small areas of other crops. I estimated the area of rough grazing
using National Institute of Statistics and Geography data on the area of secondary
forest (INEGI, 2015), although not all of this is grazed. I then randomly picked study
sites, with replacement, until the total area of each land use (pasture, technified pasture
and cropland) in the selected sites equalled the total area of each land use in TD.
I then counted the number of times each study site was selected and multiplied this
by each species’ density in that site. Finally I summed these values across all study
sites to get a regional population estimate.
As with the scenario-building process, because sites were selected at random, running
the process multiple times will give different results. I therefore ran the site-selection
process multiple times and took the mean number of times each site was selected across
these. I used a bootstrapping approach to judge how many repetitions were needed: I
selected, at random and with replacement, 1,000 runs of the analysis and calculating
the mean and standard deviation of the number of times each site was selected across
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these runs. I then increased the sample size, repeating the bootstrapping each time. I
judged that 50 repeats would give sufficiently reliable results (Fig. A.7).
5.5.2 Estimating future population sizes
To estimate future population sizes for each scenario, I estimated each species’ pop-
ulation size in agricultural land as the number of times each site was used in the
scenario multiplied by the species’ population density in the site. I then added this to
its estimated population size in natural habitats: its mean population density in the
five baseline sites multiplied by the area of land not required to meet the production
target. For each production target I then identified the land-use strategy with the
largest population size for each species and termed this the “optimal land-use strategy”
for that species.
5.5.3 Classifying species responses
For each production target I classified each species’ optimal land-use strategy as land
sharing, land sparing, or an intermediate strategy, and each species as a winner or
loser depending on whether its population size under its optimal land-use strategy
was higher or lower than the pre-human population estimate. Species could therefore
be classified as winners favoured by land sharing, an intermediate strategy, or land
sparing; or losers that do least badly with land sharing, an intermediate strategy, or
land sparing. For each species in each scenario I then calculated its population change
relative to both the pre-human population and 2011.
To test the sensitivity of my results to the inclusion of rare species I performed
analyses on all species, and on a subset excluding those with fewer than 10 records.
Because many rare species were found largely or exclusively in zero yielding baselines,
this restricted analysis may give a more conservative estimate of the benefits of land
sparing. It does, however, ensure that my results show genuine patterns of population
densities, rather than simply reflecting poorly sampled biodiversity.
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5.6 Results: Biodiversity impacts of different
land-use strategies
5.6.1 Species’ classifications
Across all production targets, more species were losers than winners with agriculture
and more species did least badly with land sparing than with any other strategy
(Fig. 5.5). More than 50% of tree and dung beetle species were losers that did least
badly with land sparing, whereas a relatively large proportion of birds were winners.
As production targets increased, more species of all taxa became losers that did least
badly with land sparing (Fig. 5.6).
Dung 
 beetles
Trees
Birds
0 25 50 75 100
Percentage species
Loser, sparing least bad    Winner, sparing best    Winner, sharing best    Variable
Species response
Fig. 5.5 The proportion of species in each taxon with different optimal land-use
strategies. Black lines show the number of species that are always winners, but which
are favoured by different strategies at different production targets. Species with variable
responses have maximum population sizes under different strategies, depending on the
production target (see Fig. 5.6).
5.6.2 2030 population sizes
To investigate changes in population sizes I assumed a 2030 production target of 130%
of current production. I analysed the 221 species that were losers in 2011 (i.e. those
with estimated 2011 populations lower than their baseline populations, henceforth
“2011 losers”) from from the 83 that were winners (“2011 winners”). Almost all 2011
losers declined by 2030, relative to an all forest baseline, although declines were far less
severe with land sparing (Fig. 5.7). Trees that were 2011 winners responded similarly,
whilst 2011 winners in other taxa tended to increase, with no consistent patterns across
land-use strategies. To calculate relative population sizes I excluded 60 species with
5.6 Results: Biodiversity impacts of different land-use strategies 81
0
25
50
75
100
0
25
50
75
100
0
25
50
75
100
Birds
Trees
D
ung beetles
50 100 150
Production target 
 (Percentage of current production) 
 
 Species Responses
Pe
rc
en
ta
ge
 o
f s
pe
ci
es
  Sharing best    
     Int. best      Sparing best
Winner          Winner       Winner        
Loser           Loser        Loser         
Fig. 5.6 Proportion of species showing different responses to agriculture across all
taxa and production targets. The solid vertical line shows current production levels,
the dashed line a 2030 production target of 130% current production.
an estimated baseline population of zero, which could be recent arrivals to the region.
Including these species by assuming an arbitrarily low baseline population size did not
qualitatively alter my results (Fig. A.8).
Relative to 2011, most species declined by 2030, with far greater population declines
under land sharing or intermediate strategies than land sparing (Figs. 5.7, 5.8). The
only exceptions were birds and dung beetles that were winners in 2011, which showed
82 Future Scenarios
population increases with land sharing or intermediate strategies but declined with
land sparing.
Dropping rare species did not qualitatively change my results in terms of species
responses (Fig. A.9), or population changes (Figs. A.10, A.11). Similarly, using
lower maize yields did not qualitatively change my results, although as a result of
requiring larger areas under farming, 2030 population sizes tended to be slightly lower
(Figs. A.12- A.14).
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Fig. 5.7 Estimated 2030 populations of birds, trees, and dung beetles relative to
both an all-forest baseline and 2011 populations under different land-use strategies,
assuming a 2030 production target of 130%. Horizontal lines show the median difference
in population size; boxes the 1st and 3rd quartiles; and vertical lines 1.5 times the
interquartile range. For clarity I have excluded 60 species with estimated baseline
populations of zero and have used a logarithmic y-axis, truncated at 500% of baseline
population sizes, although several species had larger relative populations. The solid
horizontal shows a population of the same size, the dashed line shows a 50% decline.
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Fig. 5.8 Difference in 2030 population sizes of bird, tree and dung beetle species under
land sharing compared to land sparing, assuming a 2030 production target of 130%.
These are the same data as in Fig. 5.7, but with the difference between individual
species’ populations under different strategies shown. Horizontal lines show the median
difference in population size, boxes the 1st and 3rd quartiles, and vertical lines 1.5
times the interquartile range. I have scaled population changes as percentages of 2011
population sizes.
5.7 Alternative production systems
TD currently produces calves for export as well as cows for slaughter, but both market
forces and policy decisions may change this. Therefore, in addition to the “Business-
as-usual” system described above, I modelled three alternative production systems. I
selected these based on talking to ranchers and qualitative, semi-structured, interviews
with key informants: the leaders of the two local cattle unions; researchers at the
regional agronomic research station (two interviews); and local and state-level policy
makers (one and five interviews respectively). The production systems chosen are
described below and summarised in Table 5.2.
Many ranchers told me that they were switching to calf production because of a
rapid price increase driven by a fall in national calf production. This was caused by
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Table 5.2 The four production systems I investigated, their outputs and their require-
ments.
Name Outputs Supporting production Imports
Business as usual Calves and cows Calves and maize Nothing
Calf-producer Calves Maize Nothing
Cow-producer Cows Calves and maize Nothing
Calf-maize-importer Cows Nothing Calves and maize
severe droughts in northern Mexico and can be seen at a national level (Fig. A.15). I
therefore explored a “Calf-producer” production system to investigate the possibility
of TD focusing on calf production.
At the same time as market forces are driving increased calf production, local
and regional policy makers told me that they were trying to encourage a switch from
breeding to finishing ranches, in order to keep a larger portion of the value chain
within the region. I used a “Cow-producer” production system to investigate the
effects of TD reducing its production of calves for export and a ‘Calf-maize-importer”
production system to investigate the effects of importing calves and maize and focusing
all production on fattening animals for slaughter.
For each production system I then used the same scenario-building procedure as for
the Business-as-usual system (Fig. 5.3), but with some modifications: for Calf-producer
I assumed all grazing land and maize production was for breeding ranches, set the
cow protein production target to zero and set the maximum production target for calf
protein as 170% of the current production of calf and finished cow protein combined.
For Cow-producer and Calf-maize-importer I set the calf-protein production target
to zero and set the maximum production target for finished cow protein as 170% of
the current production of calf and finished cow protein combined. In addition, for
Calf-maize-importer I assumed that all grazing land was used for finishing ranches and
set site requirements to zero (to model the effect of importing calves and maize).
5.7.1 Results: Land use and biodiversity impacts of different
production systems
Land-use patterns for the alternative production systems were very similar to Business-
as-usual: a smaller area of agricultural land was required as yields increased, and there
was a shift towards technified pasture, although Calf-maize-importer used relatively
more pasture than the other systems (Fig. 5.9). The major difference between pro-
duction systems was in the total area required to meet the production target: for a
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production target of 130% of current production, Business-as-usual and Calf-producer
required over 90% of available land under land sharing compared with 27% for Calf-
maize-importer. Cow-producer was intermediate, requiring over 80% of available land
with land sharing, but under 50% with land sparing.
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Fig. 5.9 Area of different land uses under different land-use strategies and production
systems for a 2030 production target of 130% of current production. Values are
percentages of the total area of TD and the black dashed line shows the area currently
under pasture, technified pasture and maize (from SAGARPA, 2015). Unused land
could in theory be spared for nature conservation.
The biodiversity impacts of Calf-producer were similar to Business-as-usual, re-
flecting the very similar land use patterns in the two systems: relative to 2011, most
species declined by 2030, with far greater population declines under land sharing or
intermediate strategies than land sparing. The exceptions to this pattern were, again,
bird and dung beetle species that were 2011 winners, which suffered less severe declines
under land sharing than land sparing (Fig. 5.10). With the Cow-producer system,
however, populations of 2011 losers increased relative to 2011 under land sparing or
intermediate strategies. With the Calf-maize-importer system, all land use strategies
used far less land than is currently under agriculture, meaning that 2011 loser species
increased under all land-use strategies. Species that were winners in 2011 showed
similar patterns across production systems.
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Fig. 5.10 Estimated 2030 populations of birds, trees, and dung beetles relative to 2011
under different land-use strategies and production systems, assuming a 2030 production
target of 130%. Horizontal lines show the median difference in population size, boxes
the 1st and 3rd quartiles, and vertical lines 1.5 times the interquartile range. For clarity,
I have used a logarithmic y-axis, truncated the y-axis at 500% of 2011 population sizes,
although several species had larger relative populations.
5.8 Discussion
5.8.1 Overview of results
Despite the variety of taxa, production targets and production systems I analysed, my
results were remarkably consistent: most species were losers under agriculture with
populations that would be larger under land sparing than any other strategy. These
results are consistent with previous studies (e.g. Phalan et al., 2011b; Hulme et al.,
2013; Edwards et al., 2014; Dotta et al., 2015; Edwards et al., 2015; Kamp et al., 2015;
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Feniuk, 2016), despite my study region’s long history of natural and anthropogenic
disturbance and the very different agricultural system I studied.
A higher proportion of trees and dung beetles were losers, compared to birds
(Figs. 5.5, 5.6) and a higher proportion did least badly with land sparing. Again
these results are consistent with previous studies, which found that birds are relatively
resilient to agricultural disturbance compared to other taxa (Phalan et al., 2011b;
Dotta et al., 2015; Feniuk, 2016). I discuss possible reasons for this in Chapters 4
and 7.
5.8.2 Variations in 2030 population sizes
Species that were losers in 2011 are, almost by definition, forest dependent. They
therefore declined relative to pre-human populations under all production systems and
land-use strategies, and relative to 2011 for production systems that required a lot of
land (i.e. Business-as-usual and Calf-producer). Similarly they did least badly with
land sparing because it minimises forest loss, and actually increased relative to 2011
under those production systems that used less land than is currently under production
(i.e. Cow-producer and Calf-maize-importer).
Winners in 2011, however, are favoured by agriculture and so most had higher
populations in scenarios that had a lot of land under agriculture: land sharing and
production systems that used large amounts of land. Trees were the exception, declining
under almost all production systems and land-use strategies, often to very low levels.
Only 32 species of tree were 2011 winners, however, and only four of these had 10 or
more records, so the patterns observed could be due to the idiosyncratic responses of a
small number of species.
In most production systems only land sparing had high enough yields to meet the
highest production targets, highlighting the importance of limiting growth in human
food demand.
5.8.3 Differences between production systems and the
likelihood of different futures
Patterns of land use were consistent across production systems because the relative
yields of land uses remained the same whether producing calf or finished cow protein
(see Chapter 3). However, the area of land required did vary, with the biggest difference
being between Calf-maize-importer and the other production systems. Calf-maize-
importer used less than 30% of the land required by Business-as-usual or Calf-producer,
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not because it imported maize (which never occupied more than 16% of available land
under any production system or land-use strategy), but because it did not produce any
calves: because breeding ranches have lower feed conversion ratio and grazing yields,
the amount of calf protein produced is a key determinant of the area required.
Because Calf-maize-importer exported so much of its environmental footprint,
natural habitat restoration was possible across large areas, allowing the populations
of 2011 loser species to increase relative to 2011 (Fig. 5.10). These biodiversity gains
would come at a cost to biodiversity elsewhere, as land outside TD would be converted
to agriculture. However, because TD currently produces more calves than finished
cows (Fig. 5.1), and the area of maize in the region is increasing (Fig. 1.4), the
Calf-maize-importer system would appear the least likely to be adopted in the near
future.
More relevant is the contrast between Cow-producer and the other two systems.
Again, the relative amounts of calf and finished cow protein produced determined
overall impact of the scenarios: at a production target of 130% of current production,
Cow-producer used a maximum of 40% of available land for breeding ranches. This
compared with 77% and 89% for Business-as-usual and Calf-producer respectively. This
reduction spared a large amount of land for natural habitat conservation or restoration,
to the point where, under land sparing, Cow-producer could use less land than is
currently farmed to reach a production target of 130% of current production (Fig. 5.9).
These land use requirements drove the biodiversity patterns seen across production
systems: Calf-producer showed similar patterns to Business-as-usual because it had
very similar land use requirements (Figs. 5.9, 5.10). In contrast, 2011 losers increased
with Cow-producer under land sparing and intermediate strategies, whilst 2011 winners
responded similarly to the other production systems.
The degree to which TD concentrates on either calf or finished cow production will
therefore be key in determining the impact of cattle ranching in the region. Recent
trends suggest the production of finished cows is likely to increase relative to calves
(Fig. 5.1) and this is supported by qualitative, semi-structured interviews I performed
with policy makers and union leaders. These actors were keen to keep a higher
proportion of the value chain of beef production within Yucatán by increasing in-state
slaughtering and processing.
However, this shift is not corroborated by anecdotal evidence from my three field
seasons. Many ranchers told me that they were switching to calf production as prices
increased rapidly in response to the fall in national calf production caused by severe
droughts in northern Mexico. This reduction can be seen at a national level (Fig. A.15),
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although my quantitative interviews did not show calf prices increasing faster than
finished cow prices (unpublished interviews).
How Yucatecan cattle production develops will therefore depend on both initiatives
to promote meat production within the state and market forces determining the relative
profitability of calves and cows. This in turn will depend heavily on the recovery of
cattle production in the north of Mexico. The fate of Yucatecan biodiversity may
therefore be determined as much by the climate in northern Mexico over the coming
decades as by public policy.
5.9 Conclusions
Across all taxa, production targets and production systems, land sparing allowed more
species to maintain larger populations than any other land-use strategy. This pattern
was strongest for species that were losers in 2011. For probable 2030 production targets,
most land-use scenarios resulted in a decline in forest area and a corresponding decline
in the populations of most species. Combining land sparing with a shift towards finished
cow, rather than calf, production could spare enough land for forest conservation or
restoration, but to achieve this will require mechanisms that explicitly link yield
increases with habitat protection. I discuss these in Chapter 7. Land-use strategies
affect more than just biodiversity, and in Chapter 6 I use the scenarios developed here
to investigate the effects of different land-use strategies and production systems on
regional carbon stocks.


Chapter 6
Carbon Stocks and Agriculture
“We are not an endangered species ourselves yet, but this is not for
lack of trying”
Douglas Adams – Last Chance to See
6.1 Introduction
Controlling land-use change has been proposed as a cost effective way to reduce
anthropogenic CO2 emissions and mitigate climate change (e.g. Stern, 2007). Land-use
change is the second biggest source of anthropogenic CO2 emissions after fossil fuel
combustion with the majority of the 12–35% of emissions attributable to tropical
deforestation and forest degradation (Houghton et al., 2001; Gibbs et al., 2007; van der
Werf et al., 2009; Defries and Rosenzweig, 2010). Because tropical land rents tend to
be relatively low, several studies have suggested that the opportunity costs of forest
conservation or reforestation will be correspondingly low and that deforestation could
be greatly reduced at a carbon price as low as US$5–21 per tonne CO2 (Stern, 2007;
Kindermann et al., 2008).
To understand the feasibility of controlling CO2 emissions in this way, and to devise
land-use strategies that store carbon whilst providing food and other ecosystem services,
we need to know how carbon stocks vary across land uses and agricultural yields. The
link between carbon stocks and agricultural yield is similar to that between yields and
biodiversity: stocks are likely to be highest in natural habitats, and to decline as yields
increase and tree cover decreases. As with biodiversity, therefore, we need an analytical
framework that explicitly links agricultural yields with carbon stocks, and addresses
the issue of leakage by comparing landscapes that produce the same amount of food.
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Deforestation in south-east Mexico has been a major source of carbon dioxide
emissions, with the region losing perhaps 20% of its total non-soil carbon stock between
1977 and 1992: equivalent to 36% of Mexico’s net emissions from land use change over
the period, from only 24% of its area (Cairns et al., 2000). There are several published
estimates of forest carbon stocks from the region but I found no studies looking at
stocks in cattle pastures or across yields.
To fill this data gap I analysed the relationship between live carbon stocks and
agricultural yield using density-yield functions. I then used the land use scenarios
developed in Chapter 5 to investigate how regional live carbon stocks are likely to vary
with different agricultural land-use strategies.
6.2 Methods
6.2.1 Estimating live carbon stocks in study sites
To estimate live carbon stocks in my study sites I combined the above- and belowground
estimates obtained from my fieldwork. Because I was unable to sample soil and standing
litter crop stocks I assumed that these were constant across sites (see Section 2.4). To
investigate the effects of different land-use strategies, I therefore analysed only the live
carbon stocks.
6.2.2 Variation of live carbon stocks across agricultural
yields
To investigate how live carbon stocks varied with agricultural yields I used the site
yields estimated in Chapter 4, based on the land uses in each site and their grazing
or maize yields. I used the same maximum-likelihood optimisation procedure as in
Chapter 4 to fit two possible carbon density-yield functions. Model (1) is monotonic,
whereas Model (2) allows stocks to increase and then decrease:
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(1) : n/v = exp(b0 + b1xα)
(2) : n/v = exp(b0 + b1xα + b2x2α)
where:
n = the estimated live carbon stock for the site (MgC)
v = the total area surveyed in the site (ha)
x = the yield of the square in kilograms of animal protein (in finished cow equivalents)
per hectare per year (kg animal protein ha−1 yr−1)
I selected Model (1) for reasons of parsimony, unless Model (2) had a residual
deviance more than 3.84 lower (critical χ2 value for one degree of freedom at p = 0.05).
I set target and permissible yields as in Chapter 4 and calculated the mean regional
live carbon stock density in the same way as I calculated mean population densities.
6.2.3 Regional live carbon stocks under different land use
scenarios
I used live carbon stock estimates for each study site and the land use scenarios built
in Chapter 5 to estimate regional live carbon stocks in Tizimín District (TD) with
different production targets and land-use strategies, for the four production systems
investigated. I multiplied the number of times a site was used in a scenario by its live
carbon stock estimate, using the mean live carbon stock estimates for the five baseline
sites as the value for natural habitats.
6.3 Results
6.3.1 Variation of carbon stocks across agricultural yields
Live carbon stocks declined rapidly with agricultural yields and then levelled off
(Fig. 6.1). Baseline sites had more, but not larger trees (Fig. 6.2) and across both
baseline and productive sites, small trees contributed a high proportion of live carbon
(Fig. 6.3).
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Fig. 6.1 Density-yield function for live (above- and below-ground) carbon stocks in
Yucatecan cattle ranches.
6.3.2 Regional carbon stocks under different land use
scenarios
All production systems show very similar results: a largely linear decrease in stocks
as the production target increases (Fig. 6.4). For the Business-as-usual and Calf-
producer production systems, the biggest differences in regional stocks were between
land sparing and intermediate strategies (rather than with land sharing) until 110% of
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Fig. 6.2 Size-density distributions for trees in baseline and productive study sites.
Dashed lines show the median tree size for each site type.
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Fig. 6.3 Cumulative percentage of aboveground carbon stocks stored in trees of different
dbh classes. Lines show the mean values for five baseline and twenty productive sites.
Shaded areas show the standard deviation of 10,000 bootstrapped samples of the sites.
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current production. After this there was a rapid decline in the carbon stocks under
land sharing, whilst stocks under land sparing continued to decrease linearly.
Stocks declined faster with the Business-as-usual and Calf-producer production
systems than with Cow-producer and Calf-maize-importer because the former used
considerably more land (see Fig. 5.9).
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Fig. 6.4 Estimated regional live carbon stocks for Tizimín District under different pro-
duction systems and land-use strategies. Shaded areas show stocks under intermediate
production strategies. I do not show the highest probable 2030 production target of
170% of current production because it can only be met by a land sparing strategy. In
addition, for Calf-producer, only land sparing can meet a production target of 160% of
current production.
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6.4 Discussion
Live carbon stocks change with yield in the same way as loser species that do least
badly with land sparing: with highest stocks in baseline sites and a rapid decline as
agricultural yields rise above zero. Regional carbon stocks were therefore maximised by
land sparing, which maintains the largest coverage of natural habitats. What was more
surprising was that, with the Business-as-usual and Calf-producer production systems,
land sharing maintained higher carbon stocks than intermediate-yield strategies until
production targets were 110% of current production (Fig. 6.4). This was due to
land-sharing scenarios making use of a traditional ranch site that was entirely covered
in grazed forest (see Section 2.1). This site had a live carbon density of 47.1 t ha−1; far
higher than any other productive site (with a maximum of 12.3 t ha−1) and comparable
to the mean value for baseline sites (50.3 t ha−1). Above a production target of 110%
of current production however, this site was no longer productive enough to be used in
any strategy and so the carbon stocks under land sharing fell rapidly.
My stock estimates were within the range of those found elsewhere in the Yucatán
Peninsula (YP, see Section 2.4). I could find no studies looking at carbon stocks in
cattle ranches in the region but my results support Gilroy et al. (2014b, ’s) findings
from cattle-ranching landscapes in Colombia, which found that a land-sparing strategy
allowed greater regional carbon storage for a given level of cattle production than land
sharing. Global-scale analyses have also suggested that land sparing is likely to result
in lower greenhouse gas emissions in the next century than other land-use strategys
(e.g. Foley et al., 2011; Tilman et al., 2011), and could even result in net carbon
sequestration if coupled with yield increases and diet shifts (Lamb et al., 2016b).
To test the sensitivity of my results to including soil and litter carbon stocks, I
repeated the analyses using the lowest and highest published values for these stocks
from the YP. I found no qualitative differences in the results (Figs A.16––A.17. These
analyses, however, assumed a that carbon and litter stocks remained constant across
land uses, which is unlikely to be the case. Many studies have shown how soil organic
carbon stocks decrease when forest is converted into cropland (e.g. Murty et al., 2002;
Czimczik et al., 2005), but there is much greater uncertainty over how they vary with
conversion to pasture (Murty et al., 2002). It is possible that the deep-rooted African
grasses used in Yucatecan pastures combined with specific management practices could
increase soil carbon stocks (Fisher et al., 1994; Conant et al., 2001; Fujisaki et al.,
2015). These practices, such as better grazing management and the use of legumes
such as Leucaena leucocephala are used in high yielding systems, so it is possible that
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a land-sparing approach could actually increase carbon stocks on agricultural land,
as well as maintaining larger areas of natural habitat. To investigate this requires
either long-term data series or study sites of different ages but matched for other
characteristics (e.g. Eaton and Lawrence, 2009).
6.5 Conclusions
Carbon stocks declined rapidly with increasing agricultural yield due to a rapid drop in
living biomass. For any given production target, therefore, regional carbon stocks were
maximised with land sparing. These results are robust to uncertainty over the size of
soil and standing litter crop stocks which made up a high percentage of total stocks in
all sites. I discuss these results in relation to my biodiversity findings in Chapter 7).


Chapter 7
Discussion
“There is one last reason for caring, and I believe that no other is
necessary. It is certainly the reason why so many people have devoted
their lives to protecting the likes of rhinos, parakeets, kakapos, and
dolphins. And it is simply this: the world would be a poorer, darker,
lonelier place without them.”
Mark Cardawine – Last Chance to See
In this chapter I review the principal findings from my research in the context of
previous studies on the trade-offs between food production and the conservation of
biodiversity and ecosystem services. I briefly explore the issue of using a suitable baseline
for these studies before considering how the land sparing/land sharing framework can
be expanded to address a wider range of issues and to permit more nuanced analyses.
Finally I explore how land sparing could operate in practice, both in Yucatán and
elsewhere.
7.1 Overview of results
My density-yield analyses show that most species of birds, trees and dung beetles
in northeast Yucatán require natural habitats to maintain high population densities.
This finding is reflected in the results of my scenario building, which found that
larger populations of more species could be supported with land sparing than any
other strategy. Carbon stocks followed a similar pattern: declining rapidly as natural
habitats are converted into agricultural land and being maximised at a regional scale
under a land-sparing regime.
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My results support previous work on trade-offs between food production and the
conservation of biodiversity or ecosystem services (Phalan et al., 2011b; Hulme et al.,
2013; Edwards et al., 2014; Gilroy et al., 2014b; Dotta et al., 2015; Edwards et al., 2015;
Kamp et al., 2015; Feniuk, 2016). This is somewhat surprising because Yucatán has a
long history of both natural and anthropogenic disturbance. Forests in the Yucatán
Peninsula (YP) have expanded and contracted with climatic changes (del Socorro
Lozano-García, 2007) and the region is regularly subject to hurricanes and tropical
storms (Boose et al., 2003; Whigham et al., 2003). Moreover, there have been repeated
waves of anthropogenic deforestation: first by the Pre-Classic (1000 BCE – 250 CE)
and Classic (250–900 CE) Mayan civilisations; then by 19th century sisal (Agave
sisalana) and henequen (Agave fourcroydes) plantations; and finally by 20th century
cattle ranching. It might be anticipated that such strong evolutionary and ecological
pressure would cause the extinction of many disturbance-sensitive species and so lead
to a relatively resilient biota (Balmford, 1996), with a lower proportion of species that
do least badly with land sparing and more winners than in other systems. In fact,
relative benefits of land sparing are similar to in previous work and whilst I found
a slightly higher proportion of winners than in some systems (e.g. birds in South
American pampas or Kazakh steppe, Dotta et al., 2015; Kamp et al., 2015) it was
lower than in others (e.g. birds in Uttarakhand, Phalan, 2009).
I found variation in how taxa respond to increased agricultural yields: more bird
species were winners and fewer were favoured by land sparing than were trees or dung
beetles (although most were still losers that did least badly with land sparing). This
is in accord with studies in Ghana, India, Brazil and Uruguay and Poland (Phalan
et al., 2011b; Dotta, 2013; Feniuk, 2016) and may reflect birds’ relative mobility. This
suggests it is important to monitor taxa other than birds to understand the full effect
of agricultural disturbance.
The similarity of my results to previous studies is also important because I inves-
tigated a wider range of cattle ranching systems than previous studies, from rough
grazing in forest to irrigated pastures and maize production. It has been proposed that
low yield cattle ranching has a high biodiversity value (e.g. Derner et al., 2009), but my
analyses show that in the YP these systems do not maintain high enough densities of
forest-dependent species to offset the biodiversity cost of the larger area they require.
Importantly, my results are robust to the choice of baseline I used. The accuracy
of an all-forest baseline is debatable given that the forest in the YP suffers regular
hurricane damage and has expanded and contracted with periodic droughts. Whilst
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relative population changes differed when using a 2011 or all-forest baseline, in both
cases land sparing allowed more species to maintain larger populations.
My results also support previous analyses of carbon storage under different land-use
strategies: Gilroy et al. (2014a) found that carbon storage in low-yield agricultural
land is unlikely to offset that lost by increased conversion of natural habitats. Wade
et al. (2010) found slightly different results in cocoa plantations in Ghana, with land
sharing being preferable at low production targets. However, at targets above current
production, land sparing stored more carbon across their study region.
My results are robust to uncertainties in yield estimates, and to the inclusion or
exclusion of rare species (as well as choice of baseline), and serve to re-emphasise the
importance of natural habitat protection for both biodiversity conservation and the
maintenance of carbon stocks. Whilst most species’ population densities and carbon
stocks continue to decline as yields increase, it is the initial change from natural habitats
that is the most damaging. This strongly suggests that natural habitat protection
is therefore more important for maintaining biodiversity and carbon stocks than is
attempting to conserve species on agricultural land, if on-farm conservation measures
incur a yield penalty.
7.2 Expanding the assessment of land sparing
My analyses are not spatially explicit and do not account for edge effects or metapopu-
lation dynamics, or include demographic information. Previous land sparing studies
have been criticised for failing to account for the effect of different matrices on the
probability of population persistence in patches of natural habitat (e.g. Perfecto and
Vandermeer, 2008). However, the strength of my results, and the negative relationship
between matrix suitability (which is likely to decline with increasing yields) and patch
size (which can increase with increasing yields), means that they are unlikely to change
qualitatively with the incorporation of metapopulation dynamics into my analyses.
Investigating the trade-off between matrix suitability and patch size directly, through
spatially explicit population modelling would, however, allow increased confidence in
my results. Such an approach has been adopted for investigating edge effects and Lamb
et al. (2016a) found that in Ghana these reduce the effectiveness of a land-sparing
strategy for conserving birds, but that land sharing was still preferable only with
a combination of large edge effects and a very high degree of fragmentation in the
landscape. Including demographic information, for example on reproductive rates,
could also alter my results. However, unless natural habitats act as a sink habitat,
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and low yield farmland as a source, this is again very unlikely to alter my overall
conclusions.
The land use strategy that does the least environmental damage will depend on
more than just biodiversity and carbon storage. Soil protection, nutrient cycling, water
quality regulation and zoonotic disease dynamics are all important considerations that
affect the sustainability of production, human welfare and the wider environment.
Research is needed into how these other ecosystem services interact with land use and
agricultural yield, so as to identify underlying trade-offs and synergies.
Non-agricultural land uses can also have important environmental impacts. Whilst
studies of logging in Borneo (Edwards et al., 2014) and urban development in Japan
(Soga et al., 2014) suggest that equivalents of land sparing allow more biodiversity to
survive, further research is needed in other land uses, other regions and with other
ecosystem services.
Research is also needed into the social aspects of agriculture. Different land uses
will employ different land tenure systems, support different levels of employment, and
can lead to different levels of social equity, food security and well-being. How these
factors vary with agricultural yield is very poorly understood, but robust comparisons
of different systems are needed to understand the impacts of land-use decisions on
individuals and society (e.g. Fischer et al., 2014). More diverse yield metrics would
also add to these analyses: protein production, energy yield and profit generation do
not capture everything that society or farmers expect from agriculture (Sutherland,
2004). Understanding how aesthetic, cultural and even religious values vary with land
uses could help us not only to uncover the ends of land use planning, but also the
means to get there.
7.3 Sustainable livestock production in practice
Adopting land sparing as a strategy to reduce harm to biodiversity and carbon stocks
is necessary but not sufficient to achieve sustainable livestock production. Demand
reduction, achieving sustainable high yields and ensuring that high yields are linked to
land sparing are all key considerations.
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7.3.1 Supply and demand
Under most land-use scenarios, achieving probable 2030 production targets will result
in forest loss in the YP, so limiting growth in the demand for beef will be necessary to
prevent the consequent loss of biodiversity and carbon stocks.
Such demand reduction would have enormous benefits outside the region. Ruminant
meat is extremely inefficient to produce and so has huge environmental impacts:
contributing far more greenhouse gas emissions and using more water, land and reactive
nitrogen per gram of protein produced, per calorie, or per serving than any other
foodstuff (Eshel et al., 2014; Tilman and Clark, 2014). As rates of meat consumption
are well correlated with wealth (Tilman and Clark, 2014) they are likely to continue
to increase. Decoupling this relationship will therefore be crucial if sustainable food
production, biodiversity conservation and climate change mitigation are to be achieved
over the next century.
7.3.2 Sustainable high yields
Not all mechanisms to increases yields are equal in their environmental impacts.
Excessive irrigation can deplete aquifers and lead to salinisation but better irrigation
practices can greatly reduce water requirements. I also found that mechanised, but non-
irrigated pasture has similar yields to irrigated pasture, potentially allowing high yield
agriculture to increase in coverage without proportionally increasing environmental
impacts. High livestock yields also require high stocking densities which can increase
groundwater pollution (e.g. Tamminga, 2003; Pokhrel et al., 2012), and this relationship
may be more difficult to decouple. Groundwater is the only water source in the YP but
it is unclear how different land uses influence local and regional pollution (Hernández-
Terrones et al., 2010). Understanding how stocking densities relate to pollutant
levels, and how these can be minimised is an important area of research for delivering
sustainable high yields in the YP.
Several of my study sites contained areas of intensive silvopastoral systems (ISPS):
technified pastures with high density Leucaena leucocepala plantings. I was not able to
investigate these independently, because they did not cover a large enough proportion
of my study sites, but they have been promoted in the tropics as a more sustainable
way of increasing yields compared to monoculture pastures through the provision of
extra protein and shade, and also of increasing animal welfare, on-farm biodiversity and
ecosystem services, and reducing ruminant methane production (Broom et al., 2013;
Cuartas-Cardona et al., 2014 but see Beauchemin et al., 2008). Again, because I was
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not able to analyse ISPS within my study sites separately, I cannot conclude whether
they were beneficial for biodiversity or carbon storage. However, if they increase yields
above those of technified pastures they potentially allow more land to be spared and
so could have benefits for biodiversity and carbon storage irrespective of their on-farm
impacts.
7.3.3 Achieving land sparing
A land sparing strategy will only benefit biodiversity and carbon storage if the yield
increases achieved by converting pastures to technified pastures or ISPS are linked
to a reduction in forest clearance. There is some evidence that yield increases can
passively spare land if increased production can satisfy demand, thereby making it
less profitable to clear land (Ewers et al., 2009). However, if increased yields lower
commodity prices and therefore increase demand, or increase the profitability of farming
and hence the opportunity cost of conserving or restoring natural habitats, they could
lead to agricultural expansion (Angelsen, 2010). Which scenario occurs may depend
on whether land is used to produce staples or higher values goods. Demand for staples
such as wheat, for direct human consumption, is relatively ineslastic. However, more
discretionary, higher-value goods, such as beef, have a more elastic demand. Lower costs
and increased incomes can therefore drive demand for land (Kaimowitz and Angelsen,
2008). Mechanisms for actively linking yield increases and habitat conservation are
therefore important to realising the benefits of land sparing, particularly for systems
producing higher-value goods.
Phalan et al. (2016) identified four broad mechanisms of active land sparing:
land-use zoning; the spatially strategic deployment of technology, infrastructure, or
agronomic knowledge; economic instruments; and standards and certification. Land-use
zoning is already used in Mexico, and the YP has four biosphere reserves (although
three are largely coastal, IUCN and UNEP-WCMC, 2016). Enforcing forest protection
around remaining forest patches, combined with the strategic deployment of resources
to allow ranchers to convert existing pastures to technified pastures or ISPS could allow
productivity increases without increasing the area under production. The National
Commission for the Knowledge and Use of Biodiversity (CONABIO) have recently
established a project to the west of Tizimín District to increase the use of ISPS with
the explicit aim to reduce pasture expansion (CONABIO interviewee, pers. comm.).
It is too early to identify results from the project but my interviewees in CONABIO
explained that ranchers and union leaders were very receptive to the idea and they
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were hopeful that they would soon be able assess the project’s initial success in meeting
its objectives.
Some Mexican farming subsidies also have environmental conditions attached.
The Programme for the Sustainable Production and Management of Livestock and
Beekeeping (PROGAN, a programme to support smallholder ranchers), stipulates that
producers must plant or protect 30 trees for every animal unit for which they receive
support (SAGARPA, 2007). PROGAN is currently being updated and several officials
involved in its development told me that they were hoping to increase the ambition of
the environmental aspect. Unfortunately enforcement of these regulations is dependent
on a small number of officials, but the structures are in place to link farmer support
with forest protection or restoration.
In addition, an estimated 431,850 ha of agricultural land have some form of
environmental certification in Mexico (Tayleur et al., in prep.), suggesting that there
may be the potential for a ‘land sparing’ certification. However, this represents less
than 3% of all cropland and only 0.3% of pastures (with only Organic certification
contributing significantly to pasture certification). The potential of certification for
Mexican cattle production to deliver land sparing will therefore depend not only on
the development of an explicit land sparing certification scheme, but also on consumer
demand for certified beef products.
Even with these mechanisms in place, land sparing faces challenges. Decisions
about agricultural land use are complex, and, in addition to meeting consumer demand,
cattle ranching may expand because it is seen as a safe investment or is encouraged
by subsidies, because it allows producers to claim more land or gain social status, or
because of ‘social spillover’ whereby new producers take up cattle ranching because
others are making money from it (Van Ausdal, 2009; Busch and Vance, 2011). Similarly,
policy formation is complex and policy makers will respond to multiple influences, of
which a desire to protect the environment is only one (Adams and Sandbrook, 2013).
It is important to note, however, that any other land-use strategy will also suffer from
these same problems: increasing on-farm biodiversity by keeping yields artificially low
is likely to require significant payments, and the poor performances of agri-environment
schemes within the Europe’s Common Agricultural Policy shows that even then, such
payments are not guaranteed to achieve their objectives (e.g. Kleijn et al., 2001).
Moreover, the lower yields mean that, because more farmland is needed to meet
demand, regional forest loss is likely to increase and habitat conversion could even be
displaced to other regions. In addition, reducing yields is potentially socially regressive
and likely to be unpopular with producers. In contrast, my interviewees across local
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and national policy makers, cattle unions, ranchers themselves and environmental
groups were all broadly supportive of the yield increases necessary for land sparing
(unpublished interviews).
7.4 Conclusions
My research suggests that any land-use strategy in Tizimín District is likely to result
in forest loss and considerable environmental harm if current consumption trends
continue. Land sparing does less damage than any other land use strategy; in practice
this means converting pastures to technified pastures or ISPSs and combining these
changes with strict habitat protection or restoration. This strategy is largely aligned
with the interests of most stakeholders. However, to safeguard the region’s biodiversity
and reduce its contribution to climate change, active land-sparing mechanisms must
be designed and implemented and efforts made to limit the growing demand for beef.
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A.1 Chapter 4: Species’ responses to yields
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Fig. A.1 Example density-yield functions for six bird species showing a range of
response types. Yellow-olive flycatcher and rose-throated becard are losers, with the
former always doing least badly with land sparing. The latter initially does least badly
with land sharing, before switching to sparing at higher yields. Botteri’s sparrow and
grey-crowned yellowthroat are winners favoured by land sparing and sharing respectively.
Tropical mockingbird and mangrove vireo have highest densities at intermediate yields
and are therefore favoured by different strategies depending on the target yield.
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Fig. A.2 The proportion of common species (those with 10 or more records) in each
taxon in different response categories. Species that show “variable” responses fall into
different categories depending on the production target. The black lines represent
the number of species that were always winners, but which are favoured by different
strategies at different production targets.
126 Additional figures and tables
Birds
Trees
Dung beetles
0
25
50
75
100
0
25
50
75
100
0
25
50
75
100
2000 4000 6000
Target yield (kg protein ha−1 yr−1)
Pe
rc
en
ta
ge
 o
f s
pe
ci
es
  Sharing best    Int. best      Sparing best
Winner               Winner       Winner        
Loser               Loser        Loser         
Fig. A.3 Response categories of common species (those with 10 or more records) under
different target yields. Light colours represent species that are winners, dark colours
are losers. The vertical black lines represents current production: the production in
Tizimín District of both calves and finished cows, divided by the land available for
livestock production.
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Table A.1 The number of species detected in five or fewer sites, for which the fit of
density-yield functions may be less reliable. I did not fit density-yield functions to
species that were only found in baselines.
No. sites Number of species
with records Birds Trees Dung beetles*
1 4 23 0
2 2 19 2
3 10 10 0
4 6 6 0
5 5 6 0
Spp. only in baselines 11 53 4
Total no. species 113 159 32
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A.2 Chapter 5: Future scenarios
A.2.1 Bootstrapping procedure to identify the number of
scenario repeats to use
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Fig. A.4 Variation in the number of times each site was selected as I increased the
number of times I ran the scenario-building process. Graphs show different land-use
strategies for a production target of 100% of current production. Each line shows the
mean number of times each site was picked across 1,000 random samples, with sites
grouped into breeding, finishing and maize sites. The shaded area shows the standard
deviation of these samples. Note the broken y-axis scales used to make variation clearer.
The dashed vertical line marks 50 runs: the number I used in my final analyses.
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A.2.2 Effects of yield variations on scenarios
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Fig. A.5 Area of different land uses under different land-use strategies for a production
target of 130% of current production but with maize yields of 3.02 t ha−1 (vs. 8 t ha−1
in the main analyses). Values are percentages of the total area of Tizimín District and
the black dashed line shows the area currently under pasture, technified pasture or
maize. In reality, the area under production is larger than this because some of the
forest and secondary regrowth in the region will be grazed.
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Fig. A.6 Variation in the grouping of sites for a) breeding, b) finishing, and c) maize
sites across 10,000 bootstrap runs of the Protein Production Model (Section 3.2.2).
Each bar shows the percentage of runs that allocated a site to a particular land-use
strategy (with strategies ordered from lowest to highest-yielding). Dark bars are those
groupings used to build my scenarios, whereas light bars show variation from these.
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A.2.3 Estimating 2011 population sizes
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Fig. A.7 Variation in the number of times individual study sites were picked when
estimating 2011 population sizes, as the number of times I ran the analysis. Each line
shows the mean number of times each site was picked across 1,000 random runs of
the analysis. The shaded area shows the standard deviation of these runs. Sites are
coloured based on the land use that covered the largest area within them. I have broken
the y-axis for clarity: sites with large areas of pasture or forest/rough grazing were
picked far more frequently because these land uses covered a far larger area of Tizimín
District. See Section 5.5.1 for details on methods for estimating 2011 populations.
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A.2.4 Changing the baseline population
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Fig. A.8 Estimated 2030 populations of birds, trees, and dung beetles relative to
an all-forest baseline under different land-use strategies, assuming a 2030 production
target of 130%. Horizontal lines show the median difference in percentage size, boxes
the 1st and 3rd quartiles, and vertical lines 1.5 times the interquartile range. For
clarity I have used a logarithmic y-axis, truncated at 500% of baseline population sizes,
although several species had larger relative populations. In addition, I have assigned
an arbitarily small population size for species absent from an all-forest baseline (23
bird species, 35 trees and two dung beetles).
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A.2.5 Excluding rare species from analyses
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Fig. A.9 The proportion of common species (those with 10 or more records) that
show do least badly with different land-use strategies at different production targets.
The solid vertical line represent current production levels, the dashed line the probable
2030 production target of 130% current production.
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Fig. A.10 Estimated 2030 populations of common species (those with 10 or more
records) of birds, trees, and dung beetles relative to an all-forest baseline under different
land-use strategies, assuming a 2030 production target of 130%. Horizontal lines show
the median difference in percentage size; boxes the 1st and 3rd quartiles; and vertical
lines 1.5 times the interquartile range. For clarity I have used a logarithmic y-axis,
truncated at 500% of baseline population sizes, although several species had larger
relative populations. In addition, I have excluded 39 species with an estimated baseline
population of zero.
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Fig. A.11 Estimated 2030 populations of common species (those with 10 or more
records) of birds, trees, and dung beetles relative to 2011 population sizes under
different land-use strategies, assuming a 2030 production target of 130%. Horizontal
lines show the median difference in percentage size; boxes the 1st and 3rd quartiles; and
vertical lines 1.5 times the interquartile range. For clarity I have used a logarithmic
y-axis, truncated at 500% of baseline population sizes, although several species had
larger relative populations.
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A.2.6 Biodiversity effects of lower maize yields
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Fig. A.12 The proportion of species that show do least badly with different land-use
strategies at different production targets with maize yields of 3.02 t ha−1 (vs. 8 t ha−1
in the main analyses). The solid vertical line represent current production levels, the
dashed line the probable 2030 production target of 130% current production.
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Fig. A.13 Estimated 2030 populations of birds, trees, and dung beetles relative to
an all-forest baseline under different land-use strategies, assuming a 2030 production
target of 130% but with maize yields of 3.02 t ha−1 (vs. 8 t ha−1 in the main analyses).
Horizontal lines show the median difference in percentage size; boxes the 1st and 3rd
quartiles; and vertical lines 1.5 times the interquartile range. For clarity I have excluded
60 species with estimated baseline populations of zero and used a logarithmic y-axis,
truncated at 500% of baseline population sizes, although several species had larger
relative populations, and used a logarithmic y-axis.
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Fig. A.14 Estimated 2030 populations of birds, trees, and dung beetles relative to
2011 under different land-use strategies, assuming a 2030 production target of 130%
but with maize yields of 3.02 t ha−1 (vs. 8 t ha−1 in the main analyses). Horizontal
lines show the median difference in percentage size; boxes the 1st and 3rd quartiles; and
vertical lines 1.5 times the interquartile range. For clarity I have used a logarithmic
y-axis, truncated at 500% of baseline population sizes, although several species had
larger relative populations.
A.2 Chapter 5: Future scenarios 139
A.2.7 Mexican cattle production
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Fig. A.15 Production of live and slaughtered animals in 2008-2014 in a) the whole of
Mexico b) 11 northern states particularly badly affected by the 2012 drought. The
states shown are: Aguascalientes, Baja California, Baja California Sur, Coahuila,
Chihuahua, Durango, Nayarit, Nuevo León, Sinaloa, Sonora, Zacatecas. Black dashed
lines show the maximum production levels for 2008–2014. Data are from (SAGARPA,
2015).
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A.3 Chapter 6: Carbon stocks and agriculture
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Fig. A.16 Density-yield function for total carbon stocks in cattle ranches in Tizimín
District. Curves show combined stocks (above- and belowground biomass, standing
litter crop and soil), with both high and low estimates of litter and soil stocks plotted.
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Fig. A.17 Estimated total regional carbon stocks for Tizimín District under different
production systems and land-use strategies. Shaded areas show stocks under interme-
diate production strategies. I do not show the highest probable 2030 production target
of 170% of current production because it can only be met by a land sparing strategy.
In addition, for Calf-producer, only land sparing can meet a production target of 160%
of current production
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Table B.1 Production data for breeding ranches from quantitative interviews used
to fit Maize Use and Protein Production Models. Production is in kilograms of calf
protein per year.
Area of different land uses (ha) Fodder inputs Production
Site Ranch Pasture Mec. Irigated Grazed Secondary (t maize (kg yr−1)
ID type pasture pasture forest regrowth equivalents)
1 Breeding 245.0 0 105.0 50.0 0.0 330.9 2291.6
2 Breeding 52.0 0 23.0 0.0 9.0 19.0 754.0
3 Breeding 760.0 0 40.0 0.0 0.0 0.4 4683.6
4 Breeding 1010.0 0 0.0 0.0 0.0 0.5 5913.0
5 Breeding 0.0 0 19.5 0.0 0.0 336.7 2424.7
6 Breeding 1.0 0 39.0 40.0 9.0 0.0 1765.0
7 Breeding 6.5 0 0.0 0.0 0.0 9.9 187.1
8 Breeding 800.0 0 0.0 200.0 0.0 159.5 5563.6
9 Breeding 0.0 1100 0.0 80.0 0.0 326.0 12378.5
10 Breeding 190.0 0 0.0 0.0 0.0 27.8 2205.4
11 Breeding 50.0 0 0.0 53.0 0.0 9.9 569.9
12 Breeding 0.0 1050 50.0 226.0 0.0 135.3 16242.9
13 Breeding 14.0 0 0.0 2.0 0.0 12.6 478.5
14 Breeding 10.0 0 16.0 0.0 0.0 42.4 348.0
15 Breeding 40.0 0 0.0 0.0 0.0 4.4 739.5
16 Breeding 51.0 0 0.0 0.0 0.0 1.6 208.8
17 Breeding 40.0 0 10.0 0.0 60.0 32.9 957.0
18 Breeding 64.0 0 0.0 0.0 0.0 4.4 443.7
19 Breeding 28.0 0 0.0 0.0 0.0 20.7 1044.0
20 Breeding 12.0 0 0.0 0.0 0.0 6.1 87.0
21 Breeding 0.0 20 0.0 0.0 0.0 0.0 87.0
22 Breeding 200.0 0 20.0 0.0 0.0 935.2 1218.0
23 Breeding 27.0 0 0.0 0.0 0.0 144.5 261.0
24 Breeding 12.0 0 12.0 12.0 0.0 0.4 198.4
25 Breeding 300.0 0 10.0 93.5 93.5 5.2 1818.3
26 Breeding 57.0 0 2.0 40.0 180.0 4.9 495.9
27 Breeding 14.0 0 12.0 1.0 0.0 0.9 181.8
28 Breeding 10.0 0 0.0 25.0 0.0 3.1 289.3
29 Breeding 40.0 0 0.0 0.0 0.0 2.7 156.6
30 Breeding 0.0 0 24.0 0.0 0.0 73.7 113.5
31 Breeding 0.0 0 2.0 0.0 0.0 124.1 587.2
32 Breeding 37.0 0 37.0 0.0 0.0 19.3 3915.0
33 Breeding 27.0 0 10.0 0.0 0.0 0.0 380.6
34 Breeding 0.0 0 20.0 0.0 0.0 3.3 319.7
35 Breeding 0.0 0 15.0 0.0 0.0 0.0 130.5
36 Breeding 1000.0 0 0.0 0.0 0.0 23.7 11255.6
37 Breeding 450.0 0 89.5 187.0 0.0 108.3 9008.9
38 Breeding 25.0 0 25.0 0.0 0.0 158.9 1737.7
39 Breeding 146.0 80 0.0 0.0 30.0 127.8 1934.6
40 Breeding 55.0 0 15.0 30.0 0.0 52.0 348.0
41 Breeding 354.0 0 0.0 0.0 0.0 26.4 2122.8
42 Breeding 200.0 0 0.0 0.0 0.0 8.0 1461.6
43 Breeding 60.0 0 17.8 50.0 0.0 197.2 2427.3
44 Breeding 176.0 0 21.0 0.0 0.0 24.9 2392.5
45 Breeding 257.0 0 120.0 3.0 0.0 22.4 2631.8
46 Breeding 36.0 0 0.0 11.0 0.0 11.0 320.2
47 Breeding 160.0 0 0.0 0.0 0.0 16.7 2320.7
48 Breeding 280.0 0 0.0 0.0 0.0 0.0 2509.9
49 Breeding 240.0 0 30.0 0.0 0.0 72.6 3772.1
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Table B.2 Production data for finishing ranches from quantitative interviews used to
fit Maize Use and Protein Production Models. Production is in kilograms of finished
cow protein per year.
Area of different land uses (ha) Fodder inputs Production
Site Ranch Pasture Mec. Irigated Grazed Secondary (t maize (kg yr−1)
ID type pasture pasture forest regrowth equivalents)
50 Finishing 674.0 0 26.0 0.0 0.0 7478.8 52495.8
51 Finishing 16.8 0 0.0 3.2 0.0 4.6 630.8
52 Finishing 3.7 0 0.0 0.0 0.0 1392.3 7755.6
53 Finishing 152.0 0 0.0 0.0 0.0 0.0 3364.0
54 Finishing 18.0 0 3.0 0.0 0.0 230.4 11198.6
55 Finishing 124.0 0 0.0 0.0 30.0 186.4 2349.0
56 Finishing 44.5 0 0.0 15.0 0.0 123.6 762.1
57 Finishing 5.0 0 0.0 0.0 0.0 80.8 319.7
58 Finishing 0.0 0 135.0 0.0 0.0 237.3 9165.5
59 Finishing 0.0 0 30.0 0.0 0.0 234.6 7612.5
60 Finishing 0.0 0 34.0 0.0 0.0 104.4 5731.1
61 Finishing 0.0 190 0.0 0.0 0.0 71.1 10388.0
62 Finishing 15.0 0 0.0 0.0 45.0 9.6 346.0
63 Finishing 42.0 0 0.0 0.0 0.0 0.0 715.6
64 Finishing 19.5 0 0.0 2.0 0.0 31.2 1252.8
65 Finishing 4.0 0 14.0 8.0 0.0 18.3 548.1
66 Finishing 0.0 0 16.0 0.0 0.0 17.1 743.9
67 Finishing 18.0 0 30.0 0.0 0.0 7.7 1686.1
68 Finishing 0.0 0 15.0 0.0 0.0 50.0 730.8
69 Finishing 16.0 0 0.0 0.0 0.0 3.5 561.1
70 Finishing 68.0 0 0.0 0.0 0.0 29.2 3588.8
71 Finishing 0.0 0 22.0 0.0 10.0 53.7 1402.9
72 Finishing 8.0 0 15.0 1.0 0.0 11.0 613.4
73 Finishing 0.0 0 15.0 0.0 0.0 36.3 626.4
74 Finishing 30.0 0 0.0 0.0 20.0 6.9 1305.0
75 Finishing 23.0 7 50.0 0.0 0.0 606.7 8752.2
76 Finishing 25.0 0 0.0 0.0 0.0 32.8 1061.4
77 Finishing 83.7 50 15.0 0.0 0.0 55.7 2392.5
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Table B.3 Areas of different land uses in the 20 productive study sites. SP refers to
silvopastoral study sites.
Area of land use (ha)
Site In breeding ranches In finishing ranches In maize ranches No
Pasture Mec. Irrigated Grazed Secondary Pasture Mec. Irrigated Grazed Secondary Maize Hay production
pasture pasture forest regrowth pasture pasture forest regrowth grass
Traditional 1 80.3 0.0 0.0 15.9 0.0 0.0 0 0.0 0.0 0.0 0.0 0.0 3.8
Traditional 2 54.8 24.5 0.0 1.3 3.6 3.6 0 0.0 6.9 0.0 0.0 0.0 5.3
Traditional 3 96.4 0.0 0.0 3.2 0.0 0.0 0 0.0 0.0 0.0 0.0 0.0 0.4
Traditional 4 0.8 0.0 0.0 99.2 0.0 0.0 0 0.0 0.0 0.0 0.0 0.0 0.0
Traditional 5 0.0 73.1 0.0 4.6 0.0 0.0 0 0.0 0.0 0.0 0.0 22.3 0.0
Traditional 6 10.6 0.0 0.0 23.2 0.0 0.0 0 0.0 0.0 0.0 0.0 0.0 17.8
Traditional 7 0.2 76.8 0.0 23.0 0.0 0.0 0 0.0 0.0 0.0 0.0 0.0 0.0
SP 1 42.2 0.0 13.4 5.3 7.1 0.0 0 0.0 0.0 0.0 0.0 2.3 15.2
SP 2 0.0 0.0 0.0 0.0 0.0 72.2 0 0.0 0.0 25.8 0.0 0.0 2.0
SP 3 20.3 0.0 7.6 3.3 0.0 23.5 0 0.0 11.2 0.0 2.9 0.0 31.2
SP 4 47.0 0.0 5.0 24.1 9.0 0.0 0 0.0 0.0 8.9 1.0 4.0 0.9
Tecnificado 1 0.0 0.0 0.0 0.0 0.0 0.0 0 0.0 0.0 0.0 0.0 0.0 17.0
Tecnificado 2 0.0 0.0 0.0 0.0 0.0 0.3 0 79.7 0.0 0.0 0.0 0.0 19.9
Tecnificado 3 16.7 21.6 0.0 2.5 2.2 1.7 0 28.0 0.7 0.0 9.0 1.0 16.6
Tecnificado 4 0.0 0.0 0.0 0.0 0.0 0.0 99 0.0 0.0 0.0 0.0 0.0 1.0
Maize 1 0.0 0.0 0.0 0.0 0.0 25.7 0 1.4 0.0 5.2 33.1 21.0 13.6
Maize 2 0.0 0.0 0.0 0.0 0.0 10.6 0 0.0 1.4 0.0 51.5 19.4 17.2
Maize 3 0.0 0.0 0.0 0.0 0.0 12.7 0 0.0 9.9 0.0 29.9 9.8 37.7
Maize 4 0.0 0.0 0.0 0.0 0.0 0.0 0 0.0 0.0 0.0 72.3 3.1 10.7
Maize 5 21.6 0.0 15.2 1.1 0.0 4.6 0 0.0 0.0 0.0 28.9 16.8 11.7
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Table C.1 Counts (C), effective detection radii (EDA) and densities (D) of bird species
in baseline and traditional ranch sites.
Baseline sites Traditional ranches
1 2 3 4 5 1 2 3 4 5 6 7
Species C EDA D C EDA D C EDA D C EDA D C EDA D C EDA D C EDA D C EDA D C EDA D C EDA D C EDA D C EDA D
Altamira oriole 12 0.3 43.2 3 0.3 2.8 4 0.3 14.4 8 0.3 7.4 2 0.3 7.2 4 0.3 3.5 4 0.3 14.3 18 0.3 16.8 1 0.3 3.4 2 0.3 1.9 2 0.3 6.9 5 0.3 4.6
Barred antshrike 2 0.4 5.7 0 0.4 0.0 1 0.4 2.8 0 0.4 0.0 0 0.4 0.0 2 0.4 1.9 0 0.4 0.0 4 0.4 3.8 1 0.4 2.8 1 0.4 1.0 0 0.4 0.0 1 0.4 1.0
Black catbird 0 0.0 0.0 2 0.0 1.9 2 0.0 106.1 5 0.0 4.8 8 0.0 424.3 0 0.0 0.0 0 0.0 0.0 2 0.0 1.8 2 0.0 232.7 0 0.0 0.0 2 0.0 171.4 2 0.0 2.0
Black-bellied whistling-duck 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0
Black-cowled oriole 1 0.1 16.0 0 0.1 0.0 0 0.1 0.0 3 0.1 3.0 0 0.1 0.0 0 0.0 0.0 0 0.0 0.0 1 0.1 0.9 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0
Black-faced antthrush 0 0.4 0.0 1 0.4 1.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0
Black-headed saltator 4 0.4 19.7 2 0.4 1.1 2 0.4 9.9 2 0.4 1.1 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 1 0.4 4.9 1 0.4 0.5 2 0.4 9.9 2 0.4 1.1
Black-headed trogon 0 0.4 0.0 10 0.4 8.2 0 0.4 0.0 1 0.4 0.8 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 1 0.4 0.8 0 0.4 0.0 0 0.4 0.0
Black-throated bobwhite 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 4 0.4 2.6 21 0.4 88.9 0 0.4 0.0 5 0.4 21.2 16 0.4 10.2 8 0.4 33.9 1 0.4 0.6
Blue bunting 2 0.2 12.3 18 0.2 17.6 10 0.2 61.7 5 0.2 4.9 3 0.2 18.5 1 0.2 1.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0
Blue-black grassquit 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 18 0.1 7.3 53 0.1 1373.2 0 0.0 0.0 11 0.1 151.7 44 0.1 37.4 17 0.1 294.4 18 0.1 12.3
Blue-crowned motmot 6 0.4 18.6 6 0.4 5.2 6 0.4 18.6 11 0.4 9.6 8 0.4 24.8 0 0.4 0.0 0 0.4 0.0 5 0.4 4.4 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0
Blue-grey gnatcatcher 0 0.0 0.0 1 0.0 0.9 2 0.0 106.8 5 0.0 4.3 1 0.0 53.4 4 0.1 0.7 6 0.1 290.3 2 0.0 1.9 3 0.1 28.4 19 0.1 20.9 13 0.1 195.4 5 0.1 3.5
Blue-grey tanager 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0
Boat-billed flycatcher 1 0.3 4.5 1 0.3 0.7 0 0.3 0.0 3 0.3 2.2 4 0.3 18.1 0 0.4 0.0 0 0.4 0.0 1 0.3 0.7 0 0.4 0.0 1 0.4 0.8 0 0.3 0.0 0 0.4 0.0
Botteri’s sparrow 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 6 0.2 8.2 6 0.2 27.9 0 0.2 0.0 3 0.2 20.9 2 0.2 1.6 3 0.2 17.5 8 0.2 7.7
Bright-rumped attila 2 0.4 5.8 9 0.4 8.5 6 0.4 17.4 4 0.4 3.8 4 0.4 11.6 0 0.4 0.0 0 0.4 0.0 2 0.4 1.9 0 0.4 0.0 0 0.4 0.0 1 0.4 2.9 0 0.4 0.0
Bronzed cowbird 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 2 0.1 0.3 0 0.1 0.0 3 0.3 0.1 2 0.3 129.6 0 0.1 0.0 2 0.3 38.8 1 0.3 0.2 0 0.2 0.0 0 0.3 0.0
Brown jay 0 0.1 0.0 4 0.1 2.7 2 0.1 32.6 1 0.1 0.7 0 0.1 0.0 0 0.0 0.0 0 0.0 0.0 0 0.1 0.0 0 0.0 0.0 0 0.0 0.0 0 0.1 0.0 0 0.0 0.0
Brown-crested flycatcher 0 0.1 0.0 0 0.1 0.0 1 0.1 13.8 0 0.1 0.0 2 0.1 27.6 2 0.2 0.8 1 0.2 13.0 5 0.1 4.5 1 0.2 6.0 5 0.2 4.9 0 0.1 0.0 6 0.2 4.6
Buff-bellied hummingbird 1 0.0 47.7 1 0.0 1.0 0 0.0 0.0 1 0.0 1.0 3 0.0 143.1 0 0.1 0.0 0 0.1 0.0 1 0.0 1.1 0 0.1 0.0 0 0.1 0.0 0 0.0 0.0 0 0.0 0.0
Canivet’s Emerald 1 0.0 210.6 0 0.0 0.0 2 0.0 421.2 1 0.0 1.0 2 0.0 421.2 0 0.0 0.0 0 0.0 0.0 5 0.0 5.3 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0
Caribbean dove 0 0.4 0.0 12 0.4 11.4 0 0.4 0.0 1 0.4 1.0 4 0.4 11.4 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0
Carolina wren 10 0.2 44.4 21 0.2 21.0 26 0.2 115.5 20 0.2 20.0 20 0.2 88.9 0 0.2 0.0 0 0.2 0.0 10 0.2 9.9 0 0.2 0.0 0 0.2 0.0 3 0.2 14.7 4 0.2 4.1
Cinnamon hummingbird 1 0.0 124.0 1 0.0 1.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 1 0.0 0.3 2 0.0 227.1 0 0.0 0.0 0 0.0 0.0 1 0.0 1.2 0 0.0 0.0 0 0.0 0.0
Clay-coloured robin 7 0.4 20.1 30 0.4 28.3 13 0.4 37.3 19 0.4 17.9 28 0.4 80.3 3 0.2 4.2 0 0.2 0.0 28 0.4 25.1 3 0.2 13.7 1 0.3 0.8 11 0.3 42.1 11 0.3 10.7
Common ground-dove 0 0.3 0.0 0 0.3 0.0 0 0.3 0.0 1 0.3 0.7 0 0.3 0.0 1 0.2 1.1 3 0.2 14.6 0 0.3 0.0 1 0.2 8.6 5 0.2 2.8 5 0.3 33.5 1 0.2 0.7
Couch’s kingbird 3 0.4 10.3 3 0.4 2.4 2 0.4 6.9 3 0.4 2.4 4 0.4 13.8 3 0.2 4.1 3 0.2 11.4 4 0.4 2.9 7 0.2 48.3 2 0.2 1.3 1 0.3 5.3 3 0.2 2.4
Dusky-capped flycatcher 7 0.4 19.8 3 0.4 2.9 6 0.4 17.0 4 0.4 3.9 7 0.4 19.8 3 0.1 7.8 2 0.1 6.8 7 0.4 5.7 4 0.1 38.8 0 0.2 0.0 2 0.3 12.0 2 0.2 1.9
Eastern meadowlark 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0
Ferruginous pygmy-owl 2 0.4 5.4 0 0.4 0.0 0 0.4 0.0 1 0.4 1.0 0 0.4 0.0 2 0.4 2.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 1 0.4 1.0 1 0.4 2.7 0 0.4 0.0
Gartered trogon 0 0.4 0.0 3 0.4 3.0 2 0.4 5.4 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0
Golden-fronted woodpecker 4 0.4 11.8 11 0.4 10.1 6 0.4 17.7 10 0.4 9.2 4 0.4 11.8 2 0.3 2.0 3 0.3 9.0 7 0.4 6.3 3 0.3 10.0 8 0.3 7.1 4 0.4 12.7 12 0.3 11.1
Golden-olive woodpecker 0 0.3 0.0 0 0.3 0.0 5 0.3 14.4 2 0.3 2.0 4 0.3 11.5 1 0.2 1.5 0 0.2 0.0 0 0.3 0.0 1 0.2 4.7 0 0.2 0.0 0 0.3 0.0 0 0.2 0.0
Great kiskadee 0 0.4 0.0 0 0.4 0.0 2 0.4 6.5 0 0.4 0.0 0 0.4 0.0 2 0.4 1.7 1 0.4 3.2 1 0.4 0.8 0 0.4 0.0 2 0.4 1.7 0 0.4 0.0 0 0.4 0.0
Great-tailed grackle 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 4 0.2 1.2 0 0.3 0.0 0 0.2 0.0 0 0.2 0.0 1 0.2 0.5 0 0.2 0.0 0 0.2 0.0
Green jay 3 0.4 10.4 0 0.4 0.0 0 0.4 0.0 1 0.4 0.8 0 0.4 0.0 1 0.4 0.8 1 0.4 3.5 4 0.4 3.1 0 0.4 0.0 1 0.4 0.8 0 0.4 0.0 0 0.4 0.0
Green-backed sparrow 4 0.2 20.2 3 0.2 3.0 8 0.2 40.3 10 0.2 10.0 0 0.2 0.0 0 0.3 0.0 0 0.3 0.0 6 0.2 6.2 0 0.3 0.0 0 0.3 0.0 0 0.2 0.0 0 0.3 0.0
Greenish elaenia 7 0.2 33.6 6 0.2 6.0 17 0.2 81.7 13 0.2 13.0 17 0.2 81.7 1 0.1 2.0 0 0.1 0.0 8 0.2 7.3 2 0.1 21.7 1 0.1 0.8 2 0.2 15.8 4 0.1 4.2
Grey-collared becard 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 1 0.0 1.0 0 0.0 0.0 0 0.1 0.0 0 0.1 0.0 0 0.0 0.0 0 0.1 0.0 0 0.1 0.0 2 0.0 40.4 0 0.1 0.0
Grey-crowned yellowthroat 0 0.2 0.0 0 0.2 0.0 2 0.2 13.0 0 0.2 0.0 0 0.2 0.0 26 0.3 12.1 46 0.4 281.1 0 0.2 0.0 16 0.3 46.7 10 0.3 11.1 2 0.2 7.6 9 0.3 7.8
Grey-headed tanager 4 0.0 96.8 7 0.0 6.5 6 0.0 145.2 4 0.0 3.7 11 0.0 266.2 0 0.0 0.0 0 0.0 0.0 4 0.0 3.7 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0
Grey-throated chat 0 0.2 0.0 0 0.2 0.0 1 0.2 6.0 2 0.2 2.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0
Greyish saltator 0 0.3 0.0 0 0.3 0.0 0 0.3 0.0 0 0.3 0.0 0 0.3 0.0 0 0.2 0.0 1 0.2 4.4 0 0.3 0.0 2 0.2 14.0 1 0.2 0.6 0 0.3 0.0 4 0.2 3.1
Groove-billed ani 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 5 0.3 1.3 11 0.3 146.4 0 0.2 0.0 3 0.3 21.9 7 0.3 3.8 0 0.2 0.0 1 0.3 0.4
Hooded oriole 6 0.2 39.0 0 0.2 0.0 4 0.2 26.0 0 0.2 0.0 1 0.2 6.5 1 0.1 1.2 5 0.1 34.4 4 0.2 2.9 4 0.1 43.1 3 0.1 2.0 1 0.2 8.9 5 0.1 4.0
House wren 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 1 0.2 1.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0
Ivory-billed woodcreeper 4 0.2 25.6 7 0.2 6.9 8 0.2 51.2 11 0.2 10.8 4 0.2 25.6 0 0.3 0.0 0 0.3 0.0 6 0.2 6.1 0 0.3 0.0 0 0.2 0.0 0 0.2 0.0 1 0.2 0.9
Ladder-backed woodpecker 0 0.3 0.0 0 0.3 0.0 0 0.3 0.0 0 0.3 0.0 0 0.3 0.0 0 0.1 0.0 1 0.1 4.1 0 0.3 0.0 0 0.1 0.0 0 0.1 0.0 0 0.2 0.0 0 0.1 0.0
Least flycatcher 1 0.1 17.0 0 0.1 0.0 2 0.1 34.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 1 0.1 0.9 1 0.1 17.3 4 0.1 3.6 0 0.1 0.0 0 0.1 0.0
Lesser goldfinch 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 1 0.1 0.3 1 0.1 31.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0
Lesser Greenlet 0 0.0 0.0 4 0.0 3.3 0 0.0 0.0 2 0.0 1.6 2 0.0 57.7 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0
Lineated woodpecker 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 2 0.4 2.0 0 0.4 0.0 1 0.4 1.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 1 0.4 2.7 0 0.4 0.0
Long-billed gnatwren 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0
Mangrove cuckoo 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 1 0.4 1.0 0 0.4 0.0 2 0.4 2.0 0 0.4 0.0 0 0.4 0.0
Mangrove vireo 3 0.3 10.9 0 0.3 0.0 2 0.3 7.2 1 0.3 1.0 0 0.3 0.0 8 0.2 11.7 6 0.2 22.9 5 0.3 4.6 6 0.2 35.0 22 0.2 18.9 22 0.2 106.8 10 0.2 10.1
Masked tityra 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 1 0.4 1.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 1 0.4 2.7 0 0.4 0.0 2 0.4 5.4 0 0.4 0.0
Melodious blackbird 1 0.4 3.5 0 0.4 0.0 3 0.4 10.5 4 0.4 3.1 0 0.4 0.0 5 0.3 4.7 5 0.3 18.0 7 0.4 5.3 1 0.3 4.5 0 0.3 0.0 4 0.3 16.4 2 0.3 1.6
Northern beardless-tyrannulet 0 0.2 0.0 4 0.2 4.0 0 0.2 0.0 0 0.2 0.0 2 0.2 8.9 0 0.2 0.0 1 0.2 4.5 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0
Northern bentbill 7 0.1 52.0 8 0.1 8.0 8 0.1 59.4 8 0.1 8.0 1 0.1 7.4 1 0.1 1.0 0 0.1 0.0 3 0.1 3.0 0 0.1 0.0 0 0.1 0.0 1 0.1 7.5 2 0.1 2.0
Northern cardinal 0 0.3 0.0 0 0.3 0.0 0 0.3 0.0 1 0.3 0.9 0 0.3 0.0 1 0.2 1.2 0 0.2 0.0 1 0.3 0.8 3 0.2 18.2 20 0.2 15.8 2 0.2 10.4 3 0.2 2.7
Ocellated turkey 0 0.4 0.0 1 0.4 0.7 1 0.4 3.9 1 0.4 0.7 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 1 0.4 0.7 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0
Olivaceous woodcreeper 0 0.1 0.0 7 0.1 6.4 4 0.1 50.6 5 0.1 4.6 14 0.1 176.9 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 1 0.1 12.6 0 0.1 0.0
Olive sparrow 12 0.2 72.0 13 0.2 12.8 13 0.2 78.0 4 0.2 3.9 6 0.2 36.0 13 0.2 9.1 4 0.2 23.2 14 0.2 14.2 15 0.2 60.9 8 0.2 8.5 41 0.2 190.9 34 0.2 31.9
Olive-throated parakeet 1 0.4 6.8 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 2 0.4 0.8 0 0.4 0.0 0 0.4 0.0
Orange oriole 2 0.3 7.5 2 0.3 1.9 0 0.3 0.0 8 0.3 7.7 2 0.3 7.5 3 0.2 3.5 0 0.2 0.0 2 0.3 1.9 0 0.2 0.0 3 0.2 2.7 1 0.3 4.4 0 0.2 0.0
Pale-billed woodpecker 0 0.4 0.0 1 0.4 1.0 0 0.4 0.0 0 0.4 0.0 2 0.4 5.4 0 0.4 0.0 0 0.4 0.0 1 0.4 1.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0
Pheasant cuckoo 6 0.4 16.2 2 0.4 2.0 3 0.4 8.1 4 0.4 4.0 1 0.4 2.7 0 0.4 0.0 0 0.4 0.0 1 0.4 1.0 0 0.4 0.0 0 0.4 0.0 1 0.4 2.7 0 0.4 0.0
Piratic flycatcher 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 1 0.0 77.4 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0
Plain chachalaca 1 0.4 6.0 3 0.4 1.4 3 0.4 17.9 2 0.4 0.9 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 2 0.4 0.9 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 5 0.4 2.3
Red-billed pigeon 9 0.4 28.6 2 0.4 1.7 3 0.4 9.5 5 0.4 4.3 3 0.4 9.5 2 0.4 1.7 0 0.4 0.0 5 0.4 4.3 1 0.4 3.2 0 0.4 0.0 0 0.4 0.0 3 0.4 2.6
Red-legged honeycreeper 0 0.0 0.0 2 0.0 1.4 0 0.0 0.0 4 0.0 2.9 4 0.0 169.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0
Red-throated ant-tanager 12 0.1 202.1 9 0.1 5.5 11 0.1 185.3 14 0.1 8.5 5 0.1 84.2 0 0.1 0.0 0 0.1 0.0 5 0.1 3.1 2 0.1 23.0 0 0.1 0.0 2 0.1 26.3 1 0.1 0.6
Red-winged blackbird 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.3 0.0 0 0.3 0.0 0 0.0 0.0 0 0.3 0.0 0 0.2 0.0 0 0.1 0.0 0 0.2 0.0
Rose-throated becard 6 0.1 90.7 3 0.1 2.5 5 0.1 75.6 15 0.1 12.7 4 0.1 60.5 6 0.1 3.6 0 0.1 0.0 7 0.1 6.1 0 0.1 0.0 2 0.1 1.8 8 0.1 94.1 5 0.1 4.0
Rose-throated tanager 1 0.2 6.7 10 0.2 9.0 6 0.2 40.3 3 0.2 2.7 4 0.2 26.9 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0
Ruddy ground-dove 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 6 0.2 0.7 3 0.2 155.9 0 0.0 0.0 11 0.2 121.1 5 0.1 3.3 4 0.1 69.1 0 0.1 0.0
Ruddy woodcreeper 3 0.1 24.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0
Rufous-browed peppershrike 36 0.3 143.7 3 0.3 3.0 16 0.3 63.9 6 0.3 6.0 4 0.3 16.0 3 0.3 2.4 1 0.3 3.9 20 0.3 20.4 5 0.3 15.3 3 0.3 3.2 14 0.3 47.2 8 0.3 7.8
Scrub euphonia 2 0.1 22.3 0 0.1 0.0 0 0.1 0.0 2 0.1 1.3 0 0.1 0.0 2 0.3 0.6 1 0.3 10.4 0 0.1 0.0 0 0.3 0.0 0 0.3 0.0 0 0.2 0.0 0 0.3 0.0
Singing quail 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 1 0.4 1.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0
Smoky-brown woodpecker 5 0.1 48.4 0 0.1 0.0 0 0.1 0.0 1 0.1 1.0 3 0.1 29.0 0 0.1 0.0 0 0.1 0.0 1 0.1 1.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0
Social flycatcher 5 0.1 55.9 3 0.1 2.1 6 0.1 67.1 10 0.1 6.9 1 0.1 11.2 6 0.2 2.6 1 0.2 10.7 3 0.1 2.1 11 0.2 71.9 0 0.2 0.0 2 0.2 15.7 2 0.2 1.3
Spot-breasted wren 8 0.2 43.8 7 0.2 6.8 10 0.2 54.8 13 0.2 12.7 8 0.2 43.8 5 0.3 2.7 0 0.4 0.0 15 0.2 15.3 7 0.3 19.6 4 0.3 4.4 3 0.3 10.5 5 0.3 4.5
Squirrel cuckoo 3 0.2 19.1 2 0.2 2.0 2 0.2 12.7 2 0.2 2.0 1 0.2 6.4 0 0.1 0.0 0 0.1 0.0 0 0.2 0.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0
Streaked flycatcher 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 2 0.2 1.8 6 0.2 30.6 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0
Striped cuckoo 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 1 0.4 1.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0
Sulphur-bellied flycatcher 1 0.1 14.9 0 0.1 0.0 1 0.1 14.9 3 0.1 3.0 2 0.1 29.8 0 0.2 0.0 0 0.2 0.0 0 0.1 0.0 0 0.2 0.0 0 0.2 0.0 0 0.1 0.0 0 0.2 0.0
Tawny-winged woodcreeper 0 0.1 0.0 3 0.1 2.8 0 0.1 0.0 3 0.1 2.8 4 0.1 30.1 0 0.1 0.0 0 0.1 0.0 2 0.1 1.8 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0
Thicket tinamou 7 0.4 18.9 12 0.4 12.0 10 0.4 27.1 8 0.4 8.0 5 0.4 13.5 1 0.4 1.0 0 0.4 0.0 12 0.4 12.0 0 0.4 0.0 0 0.4 0.0 1 0.4 2.7 5 0.4 5.0
Tropical gnatcatcher 0 0.0 0.0 2 0.0 2.0 0 0.0 0.0 2 0.0 2.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0
Tropical kingbird 0 0.3 0.0 0 0.3 0.0 0 0.3 0.0 0 0.3 0.0 0 0.3 0.0 1 0.4 0.8 0 0.4 0.0 0 0.3 0.0 2 0.4 6.7 0 0.4 0.0 3 0.3 10.3 1 0.4 0.8
Tropical mockingbird 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 12 0.4 11.7 14 0.3 41.1 3 0.4 2.8 7 0.4 21.7 10 0.4 9.1 5 0.4 15.2 3 0.4 2.8
Tropical pewee 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 1 0.2 4.9 0 0.2 0.0 0 0.2 0.0 1 0.2 1.0 2 0.2 9.9 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0
Turquouise-browed motmot 1 0.4 2.8 0 0.4 0.0 0 0.4 0.0 4 0.4 3.8 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 2 0.4 1.9 0 0.4 0.0 0 0.4 0.0 1 0.4 2.8 0 0.4 0.0
Vermilion flycatcher 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 9 0.2 4.3 8 0.2 96.1 0 0.1 0.0 6 0.2 37.1 0 0.2 0.0 0 0.1 0.0 0 0.2 0.0
Wedge-tailed sabrewing 0 0.0 0.0 2 0.0 2.0 3 0.0 303.4 1 0.0 1.0 2 0.0 202.3 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0
White-bellied emerald 0 0.0 0.0 0 0.0 0.0 1 0.0 45.2 0 0.0 0.0 0 0.0 0.0 1 0.1 0.3 0 0.1 0.0 2 0.0 2.1 0 0.1 0.0 0 0.1 0.0 0 0.0 0.0 1 0.1 0.8
White-bellied wren 2 0.2 10.3 8 0.2 7.9 4 0.2 20.6 23 0.2 22.7 1 0.2 5.2 0 0.2 0.0 0 0.2 0.0 20 0.2 19.3 0 0.2 0.0 2 0.2 1.9 3 0.2 18.1 2 0.2 2.0
White-collared seedeater 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 7 0.1 15.6 1 0.1 4.8 0 0.4 0.0 7 0.1 113.1 0 0.2 0.0 0 0.3 0.0 2 0.2 1.3
White-fronted Amazon 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 3 0.4 1.3 0 0.4 0.0 1 0.3 0.5 0 0.3 0.0 0 0.4 0.0 0 0.3 0.0 0 0.3 0.0 0 0.4 0.0 1 0.3 0.4
White-tipped dove 12 0.4 37.8 1 0.4 0.9 4 0.4 12.6 8 0.4 6.9 5 0.4 15.7 2 0.4 1.7 1 0.4 3.1 11 0.4 9.5 0 0.4 0.0 7 0.4 6.0 7 0.4 22.0 3 0.4 2.6
White-winged dove 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 5 0.4 1.5 1 0.4 8.7 2 0.4 0.6 15 0.4 131.0 1 0.4 0.3 0 0.4 0.0 0 0.4 0.0
Yellow-backed oriole 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 1 0.0 0.5 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0
Yellow-bellied elaenia 1 0.2 7.3 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 1 0.3 0.5 2 0.3 13.9 0 0.2 0.0 4 0.3 15.4 3 0.3 3.0 1 0.2 4.8 2 0.3 1.6
Yellow-billed cacique 3 0.3 11.5 0 0.3 0.0 1 0.3 3.8 1 0.3 0.9 0 0.3 0.0 0 0.3 0.0 0 0.3 0.0 6 0.3 5.1 0 0.3 0.0 0 0.3 0.0 0 0.3 0.0 0 0.3 0.0
Yellow-faced grassquit 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 4 0.1 54.6 25 0.1 15.0 12 0.1 158.4 1 0.1 0.9 21 0.1 191.5 6 0.1 5.6 15 0.1 157.5 19 0.1 15.5
Yellow-green vireo 20 0.1 357.2 25 0.1 20.8 13 0.1 232.2 20 0.1 16.7 77 0.1 1375.1 0 0.2 0.0 0 0.2 0.0 1 0.1 0.9 0 0.2 0.0 0 0.2 0.0 14 0.1 99.6 2 0.2 1.4
Yellow-olive flycatcher 18 0.1 190.7 4 0.1 4.0 11 0.1 116.5 8 0.1 8.0 8 0.1 84.8 1 0.1 1.0 1 0.1 10.6 7 0.1 7.0 1 0.1 10.5 1 0.1 1.0 3 0.1 31.7 2 0.1 2.0
Yellow-tailed oriole 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0
Yucatan flycatcher 1 0.3 3.5 5 0.3 4.6 6 0.3 21.2 3 0.3 2.8 1 0.3 3.5 0 0.3 0.0 0 0.3 0.0 0 0.3 0.0 0 0.3 0.0 3 0.3 2.8 0 0.3 0.0 0 0.3 0.0
Yucatan jay 10 0.2 104.2 1 0.2 0.5 10 0.2 104.2 7 0.2 3.7 3 0.2 31.3 2 0.0 7.3 0 0.0 0.0 9 0.2 2.4 0 0.0 0.0 0 0.0 0.0 3 0.1 200.0 1 0.1 0.3
Yucatan woodpecker 2 0.3 7.4 9 0.3 8.8 5 0.3 18.4 2 0.3 2.0 3 0.3 11.0 0 0.2 0.0 1 0.2 3.9 6 0.3 5.5 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 2 0.2 2.0
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Table C.2 Counts (C), effective detection radii (EDA) and densities (D) of bird species
in silvopastoral, tecnificado and maize sites.
Silvopastoral sites Tecnificado sites Maize sites
1 2 3 4 1 2 3 4 1 2 3 4 5
Species C EDA D C EDA D C EDA D C EDA D C EDA D C EDA D C EDA D C EDA D C EDA D C EDA D C EDA D C EDA D C EDA D
Altamira oriole 3 0.3 10.4 2 0.3 1.8 11 0.3 38.5 2 0.3 1.8 5 0.3 17.2 1 0.3 0.9 2 0.3 6.9 0 0.3 0.0 3 0.3 10.4 0 0.2 0.0 3 0.3 8.0 0 0.3 0.0 0 0.3 0.0
Barred antshrike 0 0.4 0.0 4 0.4 3.8 3 0.4 8.5 1 0.4 1.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.3 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0
Black catbird 1 0.0 83.8 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0
Black-bellied whistling-duck 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 4 0.4 147.2 0 0.3 0.0 1 0.4 27.6 0 0.4 0.0 0 0.4 0.0
Black-cowled oriole 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0
Black-faced antthrush 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.3 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0
Black-headed saltator 0 0.4 0.0 0 0.4 0.0 5 0.4 24.7 2 0.4 1.1 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.3 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0
Black-headed trogon 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.3 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0
Black-throated bobwhite 12 0.4 50.8 22 0.4 14.1 3 0.4 12.7 3 0.4 1.9 8 0.4 33.9 3 0.4 1.9 4 0.4 16.9 5 0.4 3.2 15 0.4 63.5 12 0.3 10.2 12 0.4 38.1 3 0.4 2.6 9 0.4 28.6
Blue bunting 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.1 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0
Blue-black grassquit 19 0.1 338.3 64 0.1 42.2 20 0.1 395.9 20 0.1 13.6 5 0.1 81.6 5 0.1 3.4 32 0.1 531.7 25 0.1 15.6 127 0.1 2273.4 32 0.1 25.8 53 0.1 874.9 38 0.1 31.1 21 0.1 273.6
Blue-crowned motmot 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 2 0.4 1.7 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.3 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0
Blue-grey gnatcatcher 10 0.1 161.3 14 0.1 8.9 8 0.1 162.7 13 0.1 8.7 4 0.1 55.4 1 0.1 0.7 4 0.1 57.3 1 0.1 0.6 3 0.1 49.4 0 0.1 0.0 9 0.1 167.5 0 0.1 0.0 3 0.1 35.2
Blue-grey tanager 1 0.4 2.7 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.3 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0
Boat-billed flycatcher 0 0.3 0.0 0 0.4 0.0 3 0.3 12.5 0 0.3 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.3 0.0 0 0.3 0.0 0 0.3 0.0 0 0.4 0.0
Botteri’s sparrow 5 0.2 28.8 3 0.2 2.9 1 0.2 5.3 0 0.2 0.0 1 0.2 6.3 7 0.2 6.8 5 0.2 30.8 15 0.2 15.6 10 0.2 57.3 1 0.1 1.4 4 0.2 14.5 12 0.2 16.9 9 0.2 39.8
Bright-rumped attila 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.3 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0
Bronzed cowbird 2 0.3 59.9 0 0.3 0.0 2 0.2 72.1 2 0.2 0.3 3 0.3 78.7 3 0.3 0.4 2 0.3 54.0 1 0.3 0.1 19 0.3 576.6 3 0.2 0.4 5 0.2 159.7 3 0.2 0.4 3 0.3 65.3
Brown jay 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 1 0.0 107.9 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 1 0.0 52.4 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0
Brown-crested flycatcher 3 0.2 24.5 2 0.2 1.5 2 0.1 18.5 4 0.1 3.0 5 0.2 37.0 5 0.2 3.7 2 0.2 15.1 0 0.2 0.0 1 0.2 8.2 0 0.1 0.0 3 0.1 23.6 1 0.1 0.9 9 0.2 53.7
Buff-bellied hummingbird 0 0.0 0.0 0 0.1 0.0 1 0.0 28.3 0 0.0 0.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.1 0.0
Canivet’s Emerald 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 2 0.0 166.3 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 1 0.0 99.4 0 0.0 0.0 0 0.0 0.0
Caribbean dove 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.3 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0
Carolina wren 0 0.2 0.0 0 0.2 0.0 1 0.2 4.8 0 0.2 0.0 1 0.2 5.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.1 0.0 1 0.2 3.5 0 0.2 0.0 0 0.2 0.0
Cinnamon hummingbird 2 0.0 96.2 0 0.0 0.0 1 0.0 58.7 2 0.0 1.6 0 0.0 0.0 1 0.0 0.8 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 2 0.0 69.8
Clay-coloured robin 1 0.3 3.8 0 0.3 0.0 16 0.3 55.6 7 0.3 6.8 3 0.3 12.2 1 0.2 1.0 2 0.3 8.0 0 0.2 0.0 0 0.3 0.0 0 0.2 0.0 1 0.3 2.3 0 0.3 0.0 1 0.2 2.9
Common ground-dove 3 0.2 19.7 7 0.2 5.0 4 0.2 23.6 0 0.2 0.0 1 0.2 7.4 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 4 0.2 26.0 0 0.1 0.0 4 0.2 15.2 0 0.2 0.0 2 0.2 10.2
Couch’s kingbird 8 0.2 41.1 4 0.2 3.4 2 0.3 9.0 4 0.3 3.3 10 0.2 57.2 5 0.2 4.2 2 0.2 11.1 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 1 0.3 2.8 1 0.3 1.3 5 0.2 19.0
Dusky-capped flycatcher 0 0.2 0.0 0 0.2 0.0 2 0.2 9.6 3 0.2 2.9 2 0.1 15.1 0 0.1 0.0 1 0.1 7.2 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 0 0.2 0.0 0 0.2 0.0 0 0.1 0.0
Eastern meadowlark 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 1 0.4 1.0 2 0.4 5.4 4 0.4 4.0 0 0.4 0.0 0 0.3 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0
Ferruginous pygmy-owl 0 0.4 0.0 0 0.4 0.0 1 0.4 2.7 1 0.4 1.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.3 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0
Gartered trogon 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.3 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0
Golden-fronted woodpecker 2 0.3 6.3 1 0.3 0.9 10 0.3 30.9 11 0.3 10.2 6 0.3 19.3 4 0.3 3.7 3 0.3 9.6 0 0.3 0.0 7 0.3 22.0 0 0.2 0.0 6 0.3 13.5 0 0.3 0.0 6 0.3 14.3
Golden-olive woodpecker 0 0.3 0.0 0 0.2 0.0 1 0.3 3.5 0 0.3 0.0 1 0.2 4.2 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.3 0.0 0 0.3 0.0 0 0.2 0.0
Great kiskadee 1 0.4 3.2 3 0.4 2.5 1 0.4 3.2 10 0.4 8.4 2 0.4 6.5 1 0.4 0.8 4 0.4 12.9 0 0.4 0.0 2 0.4 6.5 1 0.3 1.1 4 0.4 9.7 0 0.4 0.0 1 0.4 2.4
Great-tailed grackle 16 0.2 175.4 1 0.2 0.4 2 0.2 23.3 1 0.2 0.4 2 0.2 20.8 11 0.2 4.4 19 0.2 199.6 4 0.3 1.5 5 0.2 55.0 15 0.2 7.4 12 0.2 111.9 3 0.2 1.5 14 0.2 113.3
Green jay 0 0.4 0.0 0 0.4 0.0 1 0.4 3.5 1 0.4 0.8 0 0.4 0.0 0 0.4 0.0 1 0.4 3.5 0 0.4 0.0 0 0.4 0.0 0 0.3 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0
Green-backed sparrow 0 0.3 0.0 0 0.3 0.0 0 0.3 0.0 0 0.2 0.0 0 0.3 0.0 0 0.3 0.0 0 0.3 0.0 0 0.3 0.0 0 0.3 0.0 0 0.2 0.0 0 0.3 0.0 0 0.2 0.0 0 0.3 0.0
Greenish elaenia 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 1 0.1 1.0 0 0.1 0.0 0 0.1 0.0 2 0.1 17.6 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0
Grey-collared becard 0 0.1 0.0 0 0.1 0.0 0 0.0 0.0 0 0.0 0.0 0 0.1 0.0 1 0.1 0.9 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.1 0.0
Grey-crowned yellowthroat 19 0.3 74.3 39 0.3 32.2 7 0.3 31.0 19 0.3 16.2 21 0.3 74.5 26 0.3 21.9 14 0.3 50.7 38 0.4 29.4 55 0.3 216.6 14 0.3 14.0 11 0.3 41.1 11 0.3 11.2 15 0.3 42.8
Grey-headed tanager 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0
Grey-throated chat 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.1 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0
Greyish saltator 2 0.2 11.3 0 0.2 0.0 2 0.2 10.3 2 0.3 1.5 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 1 0.2 1.2 2 0.2 6.9 0 0.3 0.0 1 0.2 4.3
Groove-billed ani 12 0.2 111.8 6 0.3 2.5 2 0.2 20.6 3 0.2 1.3 4 0.3 34.3 2 0.3 0.9 1 0.3 8.7 1 0.3 0.4 6 0.3 56.2 0 0.2 0.0 1 0.2 8.6 0 0.2 0.0 1 0.3 6.8
Hooded oriole 3 0.1 26.2 0 0.1 0.0 2 0.2 16.1 4 0.2 3.2 5 0.1 47.8 2 0.1 1.6 2 0.1 18.8 0 0.1 0.0 8 0.1 69.3 0 0.1 0.0 0 0.2 0.0 0 0.2 0.0 1 0.1 6.7
House wren 1 0.2 4.6 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0
Ivory-billed woodcreeper 0 0.2 0.0 0 0.2 0.0 1 0.2 5.0 2 0.2 1.8 0 0.3 0.0 0 0.3 0.0 0 0.3 0.0 0 0.3 0.0 0 0.3 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.3 0.0
Ladder-backed woodpecker 0 0.1 0.0 0 0.1 0.0 0 0.2 0.0 1 0.2 1.0 1 0.1 9.8 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 1 0.1 7.0 0 0.1 0.0 0 0.2 0.0 0 0.2 0.0 0 0.1 0.0
Least flycatcher 2 0.1 34.4 3 0.1 2.7 0 0.1 0.0 3 0.1 2.7 1 0.1 17.3 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 0 0.0 0.0 1 0.1 12.8 0 0.1 0.0 1 0.1 12.9
Lesser goldfinch 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 2 0.1 44.5 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0
Lesser Greenlet 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 1 0.0 0.8 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0
Lineated woodpecker 0 0.4 0.0 0 0.4 0.0 2 0.4 5.4 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 1 0.4 2.7 0 0.4 0.0 0 0.4 0.0 0 0.3 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0
Long-billed gnatwren 0 0.2 0.0 0 0.2 0.0 1 0.2 6.3 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.1 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0
Mangrove cuckoo 0 0.4 0.0 1 0.4 1.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.3 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0
Mangrove vireo 11 0.2 52.6 22 0.2 22.8 5 0.2 22.1 17 0.2 17.1 7 0.2 36.5 2 0.2 2.0 4 0.2 20.5 1 0.2 1.1 7 0.2 33.3 1 0.1 1.5 11 0.2 32.7 1 0.2 1.5 5 0.2 18.4
Masked tityra 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 1 0.4 1.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.3 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0
Melodious blackbird 8 0.3 32.3 0 0.3 0.0 11 0.3 42.3 5 0.3 4.0 1 0.3 4.2 2 0.3 1.6 11 0.3 45.6 0 0.3 0.0 5 0.3 19.9 10 0.2 11.3 7 0.3 19.0 7 0.3 7.9 7 0.3 21.1
Northern beardless-tyrannulet 0 0.2 0.0 1 0.2 1.0 0 0.2 0.0 1 0.2 1.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 4 0.2 13.4 0 0.2 0.0 0 0.2 0.0
Northern bentbill 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 1 0.1 1.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0
Northern cardinal 4 0.2 20.5 15 0.2 13.9 2 0.2 9.6 11 0.2 10.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 2 0.2 10.2 0 0.1 0.0 0 0.2 0.0 1 0.2 1.3 0 0.2 0.0
Ocellated turkey 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.3 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0
Olivaceous woodcreeper 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0
Olive sparrow 20 0.2 94.5 1 0.2 0.9 22 0.2 110.7 7 0.2 6.6 7 0.2 31.3 12 0.2 11.2 0 0.2 0.0 13 0.2 11.5 15 0.2 71.1 7 0.2 8.1 12 0.2 48.4 4 0.2 4.7 5 0.2 17.4
Olive-throated parakeet 0 0.4 0.0 1 0.4 0.4 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.3 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0
Orange oriole 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 1 0.2 3.0 0 0.2 0.0 0 0.2 0.0
Pale-billed woodpecker 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.3 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0
Pheasant cuckoo 0 0.4 0.0 0 0.4 0.0 1 0.4 2.7 1 0.4 1.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.3 0.0 1 0.4 2.0 0 0.4 0.0 0 0.4 0.0
Piratic flycatcher 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0
Plain chachalaca 0 0.4 0.0 0 0.4 0.0 2 0.4 12.0 1 0.4 0.5 0 0.4 0.0 1 0.4 0.5 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.3 0.0 1 0.4 4.5 0 0.4 0.0 0 0.4 0.0
Red-billed pigeon 0 0.4 0.0 0 0.4 0.0 2 0.4 6.4 4 0.4 3.4 1 0.4 3.2 0 0.4 0.0 1 0.4 3.2 1 0.4 0.9 0 0.4 0.0 1 0.3 1.1 1 0.4 2.4 1 0.4 1.1 1 0.4 2.4
Red-legged honeycreeper 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0
Red-throated ant-tanager 0 0.1 0.0 0 0.1 0.0 1 0.1 14.2 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0
Red-winged blackbird 0 0.2 0.0 0 0.3 0.0 0 0.2 0.0 0 0.2 0.0 0 0.3 0.0 0 0.3 0.0 0 0.3 0.0 0 0.3 0.0 0 0.3 0.0 0 0.2 0.0 0 0.2 0.0 34 0.2 14.5 0 0.3 0.0
Rose-throated becard 2 0.1 23.9 0 0.1 0.0 3 0.1 38.1 7 0.1 5.6 6 0.1 67.9 0 0.1 0.0 1 0.1 11.4 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 2 0.1 20.3 0 0.1 0.0 0 0.1 0.0
Rose-throated tanager 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 1 0.2 0.9 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.1 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0
Ruddy ground-dove 10 0.1 184.6 6 0.1 2.3 1 0.1 23.1 4 0.1 1.6 2 0.2 31.8 4 0.2 1.6 7 0.2 115.1 8 0.2 2.8 7 0.2 131.7 8 0.1 3.5 6 0.1 126.1 1 0.1 0.5 3 0.2 40.3
Ruddy woodcreeper 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0
Rufous-browed peppershrike 9 0.3 30.6 4 0.3 3.8 16 0.3 56.8 1 0.3 1.0 3 0.3 9.8 2 0.3 1.9 2 0.3 6.6 0 0.3 0.0 1 0.3 3.4 0 0.2 0.0 7 0.3 19.5 0 0.3 0.0 2 0.3 5.0
Scrub euphonia 0 0.3 0.0 0 0.3 0.0 1 0.3 7.0 10 0.3 5.7 0 0.3 0.0 0 0.3 0.0 0 0.3 0.0 0 0.4 0.0 3 0.3 18.4 0 0.2 0.0 0 0.3 0.0 0 0.2 0.0 0 0.3 0.0
Singing quail 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.3 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0
Smoky-brown woodpecker 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0
Social flycatcher 10 0.2 80.2 1 0.2 0.6 4 0.2 34.9 7 0.2 4.5 3 0.2 22.4 4 0.2 2.5 4 0.2 30.3 1 0.2 0.6 2 0.2 16.1 0 0.2 0.0 2 0.2 14.3 2 0.2 1.6 4 0.2 23.6
Spot-breasted wren 2 0.3 7.2 5 0.3 4.3 10 0.3 39.9 5 0.3 4.4 4 0.3 13.2 1 0.3 0.9 2 0.3 6.7 0 0.4 0.0 2 0.3 7.2 0 0.3 0.0 3 0.3 10.0 0 0.3 0.0 0 0.4 0.0
Squirrel cuckoo 0 0.1 0.0 0 0.1 0.0 1 0.1 8.1 2 0.1 2.1 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0
Streaked flycatcher 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0
Striped cuckoo 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.3 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0
Sulphur-bellied flycatcher 0 0.2 0.0 0 0.2 0.0 1 0.1 8.3 1 0.1 0.8 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 0 0.2 0.0
Tawny-winged woodcreeper 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0
Thicket tinamou 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 1 0.4 2.7 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.3 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0
Tropical gnatcatcher 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0
Tropical kingbird 2 0.4 6.9 0 0.4 0.0 1 0.4 3.5 1 0.4 0.8 0 0.4 0.0 1 0.4 0.8 0 0.4 0.0 1 0.4 0.8 2 0.4 6.9 0 0.3 0.0 1 0.4 2.6 3 0.4 3.2 1 0.4 2.6
Tropical mockingbird 10 0.4 30.2 8 0.4 7.5 3 0.4 8.9 10 0.4 9.3 8 0.4 24.3 3 0.4 2.8 6 0.4 18.2 2 0.3 1.9 14 0.4 42.0 1 0.3 1.3 12 0.4 26.4 5 0.4 6.3 13 0.4 29.3
Tropical pewee 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0
Turquouise-browed motmot 0 0.4 0.0 1 0.4 1.0 1 0.4 2.8 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 6 0.4 17.1 0 0.4 0.0 0 0.4 0.0 0 0.3 0.0 1 0.4 2.1 0 0.4 0.0 0 0.4 0.0
Vermilion flycatcher 4 0.1 32.3 3 0.2 2.4 0 0.1 0.0 0 0.1 0.0 0 0.2 0.0 3 0.2 2.4 3 0.2 22.6 0 0.2 0.0 2 0.2 16.3 0 0.1 0.0 2 0.1 15.1 4 0.1 3.9 3 0.2 17.7
Wedge-tailed sabrewing 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 1 0.0 0.8 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0
White-bellied emerald 0 0.1 0.0 0 0.1 0.0 1 0.1 22.2 0 0.1 0.0 1 0.1 16.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0
White-bellied wren 2 0.2 11.9 6 0.2 6.1 3 0.2 17.2 2 0.2 2.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.1 0.0 1 0.2 4.1 0 0.2 0.0 0 0.2 0.0
White-collared seedeater 4 0.2 35.1 0 0.2 0.0 1 0.2 6.5 0 0.2 0.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 2 0.1 14.0 1 0.1 1.7 1 0.2 2.7 7 0.2 11.9 0 0.1 0.0
White-fronted Amazon 1 0.3 6.7 1 0.3 0.4 0 0.3 0.0 2 0.3 0.9 0 0.3 0.0 0 0.3 0.0 1 0.3 6.8 0 0.3 0.0 1 0.3 6.7 0 0.3 0.0 0 0.3 0.0 3 0.3 1.8 1 0.3 5.0
White-tipped dove 1 0.4 3.1 9 0.4 7.7 2 0.4 6.3 4 0.4 3.4 4 0.4 12.6 1 0.4 0.9 3 0.4 9.4 0 0.4 0.0 4 0.4 12.6 0 0.3 0.0 7 0.4 16.5 0 0.4 0.0 0 0.4 0.0
White-winged dove 5 0.4 43.7 0 0.4 0.0 3 0.4 26.2 1 0.4 0.3 1 0.4 8.7 4 0.4 1.2 1 0.4 8.7 1 0.4 0.3 2 0.4 17.5 5 0.3 2.1 5 0.4 32.8 6 0.4 2.5 3 0.4 19.7
Yellow-backed oriole 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0
Yellow-bellied elaenia 1 0.3 4.9 0 0.3 0.0 2 0.2 10.8 0 0.2 0.0 0 0.3 0.0 0 0.3 0.0 0 0.3 0.0 0 0.3 0.0 0 0.3 0.0 0 0.2 0.0 0 0.2 0.0 2 0.2 1.9 2 0.3 7.2
Yellow-billed cacique 2 0.3 8.5 0 0.3 0.0 0 0.3 0.0 0 0.3 0.0 0 0.3 0.0 1 0.3 0.9 0 0.3 0.0 0 0.3 0.0 0 0.3 0.0 0 0.2 0.0 2 0.3 6.0 0 0.3 0.0 0 0.3 0.0
Yellow-faced grassquit 6 0.1 64.0 5 0.1 4.0 2 0.1 22.8 10 0.1 8.1 1 0.1 10.1 0 0.1 0.0 1 0.1 10.2 0 0.1 0.0 17 0.1 181.9 10 0.1 10.1 17 0.1 155.3 6 0.1 6.1 1 0.1 7.9
Yellow-green vireo 0 0.2 0.0 0 0.2 0.0 6 0.2 54.3 4 0.2 2.7 0 0.2 0.0 2 0.2 1.3 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0
Yellow-olive flycatcher 2 0.1 21.1 0 0.1 0.0 3 0.1 31.7 5 0.1 5.0 1 0.1 10.5 0 0.1 0.0 1 0.1 10.5 0 0.1 0.0 0 0.1 0.0 0 0.1 0.0 5 0.1 39.7 0 0.1 0.0 0 0.1 0.0
Yellow-tailed oriole 0 0.4 0.0 1 0.4 0.8 1 0.4 3.6 1 0.4 0.8 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0 0 0.3 0.0 0 0.4 0.0 0 0.4 0.0 0 0.4 0.0
Yucatan flycatcher 0 0.3 0.0 1 0.3 0.9 2 0.3 6.7 2 0.3 1.8 1 0.3 3.2 0 0.3 0.0 0 0.3 0.0 0 0.3 0.0 0 0.3 0.0 0 0.3 0.0 1 0.3 2.6 0 0.3 0.0 0 0.3 0.0
Yucatan jay 0 0.1 0.0 0 0.0 0.0 1 0.1 48.1 1 0.1 0.3 2 0.0 267.2 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 0 0.0 0.0 2 0.1 19.9 0 0.1 0.0 0 0.0 0.0
Yucatan woodpecker 1 0.2 5.0 0 0.2 0.0 0 0.2 0.0 1 0.2 1.0 1 0.2 5.5 2 0.2 2.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0 0 0.1 0.0 0 0.2 0.0 0 0.2 0.0 0 0.2 0.0
150 Counts of birds, trees and dung beetles in study sites
Table C.3 Counts (C), areas surveyed (A) and densities (D) of tree species in baseline
and traditional ranch sites. Species marked with an asterisk (*) are non-native.
Baseline sites Traditional ranches
1 2 3 4 5 1 2 3 4 5 6 7
Species C A D C A D C A D C A D C A D C A D C A D C A D C A D C A D C A D C A D
Acacia pennatula 0 0.6 0.0 1 0.6 1.7 5 0.6 8.3 0 0.6 0.0 0 0.6 0.0 2 1.2 1.7 0 1.2 0.0 9 0.6 15.0 0 1.2 0.0 0 1.2 0.0 1 1.2 0.8 4 1.2 3.3
Acosmium paneumene 0 0.6 0.0 4 0.6 6.7 0 0.6 0.0 2 0.6 3.3 1 0.6 1.7 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0
Acrocomia aculeata 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 5 1.2 4.2 0 1.2 0.0 0 1.2 0.0 1 1.2 0.8
Adelia oaxacana 1 0.6 1.7 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0
Albizia tomentosa 1 0.6 1.7 0 0.6 0.0 4 0.6 6.7 1 0.6 1.7 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 3 0.6 5.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 1 1.2 0.8
Alvaradoa amorphoides 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 7 0.6 11.7 0 0.6 0.0 1 1.2 0.8 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0
Anasin 0 0.6 0.0 1 0.6 1.7 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0
Annona sp.* 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0
Apoplanesia paniculata 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0
Astrocasia tremula 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0
Bauhinia divaricata 0 0.6 0.0 1 0.6 1.7 0 0.6 0.0 1 0.6 1.7 6 0.6 10.0 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 2 1.2 1.7
Bauhinia ungulata 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 1 1.2 0.8 0 1.2 0.0
Belchiniche 0 0.6 0.0 1 0.6 1.7 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0
Boklumche 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0
Bourreria pulchra 2 0.6 3.3 0 0.6 0.0 7 0.6 11.7 23 0.6 38.3 12 0.6 20.0 2 1.2 1.7 0 1.2 0.0 14 0.6 23.3 0 1.2 0.0 1 1.2 0.8 7 1.2 5.8 0 1.2 0.0
Brosimum alicastrum 0 0.6 0.0 3 0.6 5.0 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 1 1.2 0.8
Bursera schlechtendalii 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 1 1.2 0.8 0 1.2 0.0 0 1.2 0.0
Bursera simaruba 24 0.6 40.0 80 0.6 133.3 155 0.6 258.3 24 0.6 40.0 96 0.6 160.0 7 1.2 5.8 0 1.2 0.0 27 0.6 45.0 2 1.2 1.7 8 1.2 6.7 37 1.2 30.8 8 1.2 6.7
Caesalpinia gaumeri 0 0.6 0.0 2 0.6 3.3 26 0.6 43.3 61 0.6 101.7 66 0.6 110.0 0 1.2 0.0 0 1.2 0.0 52 0.6 86.7 0 1.2 0.0 1 1.2 0.8 22 1.2 18.3 0 1.2 0.0
Caesalpinia yucatanensis 0 0.6 0.0 0 0.6 0.0 2 0.6 3.3 0 0.6 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 1 1.2 0.8 0 1.2 0.0
Cancha 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 1 0.6 1.7 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0
Capraria biflora 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 1 0.6 1.7 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0
Carica papaya* 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0
Catouchix 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 1 0.6 1.7 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0
Cecropia peltata 0 0.6 0.0 1 0.6 1.7 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0
Cedrela odorata 0 0.6 0.0 5 0.6 8.3 0 0.6 0.0 0 0.6 0.0 1 0.6 1.7 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0
Ceiba pendrandra 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 2 0.6 3.3 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 1 1.2 0.8 0 1.2 0.0 0 1.2 0.0
Cetinche 0 0.6 0.0 0 0.6 0.0 1 0.6 1.7 0 0.6 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0
Charay 0 0.6 0.0 1 0.6 1.7 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0
Cheoche 0 0.6 0.0 1 0.6 1.7 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0
Chilche 0 0.6 0.0 1 0.6 1.7 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0
Chitanche 0 0.6 0.0 2 0.6 3.3 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0
Chloroleucon mangense 1 0.6 1.7 0 0.6 0.0 0 0.6 0.0 5 0.6 8.3 5 0.6 8.3 0 1.2 0.0 0 1.2 0.0 9 0.6 15.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 2 1.2 1.7
Chrysophyllum cainito* 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0
Chrysophyllum mexicanum 19 0.6 31.7 2 0.6 3.3 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0
Citrus aurantium* 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0
Clusia flava 0 0.6 0.0 4 0.6 6.7 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0
Cnidoscolus aconitifolius 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 1 1.2 0.8 0 1.2 0.0 0 1.2 0.0
Coccoloba barbadensis 4 0.6 6.7 18 0.6 30.0 19 0.6 31.7 44 0.6 73.3 30 0.6 50.0 3 1.2 2.5 2 1.2 1.7 59 0.6 98.3 0 1.2 0.0 0 1.2 0.0 22 1.2 18.3 12 1.2 10.0
Cochel 0 0.6 0.0 1 0.6 1.7 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0
Cochlospermum vitifolium 10 0.6 16.7 1 0.6 1.7 30 0.6 50.0 6 0.6 10.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 5 1.2 4.2 0 1.2 0.0
Cocos nucifera* 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0
Coliimche 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 1 1.2 0.8 0 1.2 0.0 0 1.2 0.0
Cordia gerascanthus 0 0.6 0.0 5 0.6 8.3 13 0.6 21.7 17 0.6 28.3 7 0.6 11.7 0 1.2 0.0 0 1.2 0.0 7 0.6 11.7 0 1.2 0.0 0 1.2 0.0 1 1.2 0.8 0 1.2 0.0
Cordia sp. 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 1 0.6 1.7 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0
Cornutia pyramidata 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0
Crateva tapia 0 0.6 0.0 0 0.6 0.0 1 0.6 1.7 2 0.6 3.3 1 0.6 1.7 3 1.2 2.5 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0
Croton reflexifolius 0 0.6 0.0 8 0.6 13.3 0 0.6 0.0 0 0.6 0.0 1 0.6 1.7 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 2 1.2 1.7 1 1.2 0.8
Croton sutup 0 0.6 0.0 1 0.6 1.7 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0
Cuchel 1 0.6 1.7 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0
Cupania belizensis 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0
Delchiniche 0 0.6 0.0 1 0.6 1.7 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0
Delonix regia* 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0
Despana 0 0.6 0.0 1 0.6 1.7 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0
Diospyros anisandra 4 0.6 6.7 25 0.6 41.7 8 0.6 13.3 7 0.6 11.7 46 0.6 76.7 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 2 1.2 1.7 0 1.2 0.0
Diospyros salicifolia 10 0.6 16.7 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 2 0.6 3.3 0 1.2 0.0 0 1.2 0.0 14 0.6 23.3 0 1.2 0.0 0 1.2 0.0 2 1.2 1.7 2 1.2 1.7
Diphysa carthagenensis 2 0.6 3.3 0 0.6 0.0 0 0.6 0.0 2 0.6 3.3 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 2 0.6 3.3 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0
Drypetes lateriflora 0 0.6 0.0 1 0.6 1.7 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 6 1.2 5.0
Dzidzya 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 1 0.6 1.7 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0
Ehretia tinifolia 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 2 0.6 3.3 0 1.2 0.0 1 1.2 0.8 0 1.2 0.0 2 1.2 1.7
Elaeodendron xylocarpum 5 0.6 8.3 1 0.6 1.7 4 0.6 6.7 3 0.6 5.0 8 0.6 13.3 4 1.2 3.3 0 1.2 0.0 7 0.6 11.7 0 1.2 0.0 0 1.2 0.0 6 1.2 5.0 0 1.2 0.0
Enriquebeltrania crenatifolia 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 1 0.6 1.7 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0
Enterolobium cyclocarpum 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 2 1.2 1.7 0 1.2 0.0 0 1.2 0.0
Erythrina americana 0 0.6 0.0 2 0.6 3.3 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 1 0.6 1.7 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 4 1.2 3.3
Erythrina standleyana 0 0.6 0.0 1 0.6 1.7 2 0.6 3.3 1 0.6 1.7 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 1 1.2 0.8 0 1.2 0.0 0 1.2 0.0
Erythroxylum rotundifolium 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 5 0.6 8.3 7 0.6 11.7 0 1.2 0.0 0 1.2 0.0 1 0.6 1.7 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0
Eugenia foetida 2 0.6 3.3 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 2 0.6 3.3 0 1.2 0.0 0 1.2 0.0 3 0.6 5.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 1 1.2 0.8
Exothea diphylla 0 0.6 0.0 1 0.6 1.7 0 0.6 0.0 0 0.6 0.0 1 0.6 1.7 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0
Ficus cotinifolia 1 0.6 1.7 0 0.6 0.0 0 0.6 0.0 1 0.6 1.7 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0
Ficus retusa* 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0
Gliricidia sepium 12 0.6 20.0 4 0.6 6.7 0 0.6 0.0 0 0.6 0.0 1 0.6 1.7 0 1.2 0.0 0 1.2 0.0 4 0.6 6.7 0 1.2 0.0 2 1.2 1.7 0 1.2 0.0 0 1.2 0.0
Guazuma ulmifolia 7 0.6 11.7 0 0.6 0.0 1 0.6 1.7 0 0.6 0.0 0 0.6 0.0 0 1.2 0.0 1 1.2 0.8 0 0.6 0.0 1 1.2 0.8 1 1.2 0.8 0 1.2 0.0 2 1.2 1.7
Guettarda combsii 4 0.6 6.7 7 0.6 11.7 1 0.6 1.7 5 0.6 8.3 5 0.6 8.3 0 1.2 0.0 0 1.2 0.0 5 0.6 8.3 1 1.2 0.8 0 1.2 0.0 4 1.2 3.3 0 1.2 0.0
Gymnopodium floribundum 3 0.6 5.0 20 0.6 33.3 11 0.6 18.3 43 0.6 71.7 47 0.6 78.3 10 1.2 8.3 0 1.2 0.0 57 0.6 95.0 0 1.2 0.0 1 1.2 0.8 34 1.2 28.3 6 1.2 5.0
Haematoxylum campechianum 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 1 0.6 1.7 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 1 0.6 1.7 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0
Havardia albicans 0 0.6 0.0 0 0.6 0.0 4 0.6 6.7 14 0.6 23.3 23 0.6 38.3 3 1.2 2.5 0 1.2 0.0 23 0.6 38.3 8 1.2 6.7 0 1.2 0.0 10 1.2 8.3 7 1.2 5.8
Heliocarpus donnellsmithii 28 0.6 46.7 6 0.6 10.0 7 0.6 11.7 1 0.6 1.7 6 0.6 10.0 2 1.2 1.7 0 1.2 0.0 3 0.6 5.0 0 1.2 0.0 0 1.2 0.0 4 1.2 3.3 1 1.2 0.8
Hok-chok-che 0 0.6 0.0 2 0.6 3.3 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0
Hyperbaena mexicana 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 1 0.6 1.7 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0
Jacaratia mexicana 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0
Jach-ke 0 0.6 0.0 23 0.6 38.3 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0
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Table C.4 Counts (C), areas surveyed (A) and densities (D) of tree species in baseline
and traditional ranch sites (continued). Species marked with an asterisk (*) are
non-native.
Baseline sites Traditional ranches
1 2 3 4 5 1 2 3 4 5 6 7
Species C A D C A D C A D C A D C A D C A D C A D C A D C A D C A D C A D C A D
Jatropha gaumeri 1 0.6 1.7 1 0.6 1.7 0 0.6 0.0 0 0.6 0.0 1 0.6 1.7 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 1 1.2 0.8 3 1.2 2.5 0 1.2 0.0
Ki-lim 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 1.2 0.0 1 1.2 0.8 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0
Laetia thamnia 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 3 0.6 5.0 0 1.2 0.0 0 1.2 0.0 1 0.6 1.7 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 1 1.2 0.8
Laguncularia racemosa 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 1 1.2 0.8 0 1.2 0.0
Leucaena leucacephala 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 1 1.2 0.8 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0
Lonchocarpus rugosus 17 0.6 28.3 10 0.6 16.7 4 0.6 6.7 10 0.6 16.7 17 0.6 28.3 2 1.2 1.7 0 1.2 0.0 4 0.6 6.7 0 1.2 0.0 1 1.2 0.8 13 1.2 10.8 2 1.2 1.7
Lonchocarpus xuul 0 0.6 0.0 23 0.6 38.3 9 0.6 15.0 24 0.6 40.0 0 0.6 0.0 1 1.2 0.8 0 1.2 0.0 16 0.6 26.7 0 1.2 0.0 1 1.2 0.8 1 1.2 0.8 0 1.2 0.0
Lonchocarpus yucatanensis 0 0.6 0.0 9 0.6 15.0 10 0.6 16.7 89 0.6 148.3 75 0.6 125.0 0 1.2 0.0 0 1.2 0.0 22 0.6 36.7 0 1.2 0.0 0 1.2 0.0 4 1.2 3.3 0 1.2 0.0
Luehea speciosa 1 0.6 1.7 5 0.6 8.3 11 0.6 18.3 6 0.6 10.0 5 0.6 8.3 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 6 1.2 5.0 2 1.2 1.7
Lysiloma latisiliquum 11 0.6 18.3 93 0.6 155.0 37 0.6 61.7 14 0.6 23.3 31 0.6 51.7 8 1.2 6.7 0 1.2 0.0 10 0.6 16.7 0 1.2 0.0 3 1.2 2.5 0 1.2 0.0 5 1.2 4.2
Malpighia emarginata 0 0.6 0.0 1 0.6 1.7 2 0.6 3.3 3 0.6 5.0 1 0.6 1.7 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0
Malpighia glabra 0 0.6 0.0 3 0.6 5.0 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0
Malpighia sp. 0 0.6 0.0 2 0.6 3.3 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0
Manilkara zapota 0 0.6 0.0 21 0.6 35.0 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 4 1.2 3.3
Mora 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0
Mariosousa dolichostachya 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 4 0.6 6.7 2 0.6 3.3 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0
Melicoccus oliviformis 0 0.6 0.0 0 0.6 0.0 3 0.6 5.0 0 0.6 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0
Metopium brownei 2 0.6 3.3 77 0.6 128.3 3 0.6 5.0 0 0.6 0.0 12 0.6 20.0 1 1.2 0.8 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 2 1.2 1.7 4 1.2 3.3
Mimosa albida 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 1 0.6 1.7 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0
Mimosa bahamensis 0 0.6 0.0 0 0.6 0.0 17 0.6 28.3 0 0.6 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 1 1.2 0.8 2 1.2 1.7
Mosannona depressa 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 1 0.6 1.7 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0
Neea psychotrioides 1 0.6 1.7 20 0.6 33.3 3 0.6 5.0 7 0.6 11.7 12 0.6 20.0 3 1.2 2.5 0 1.2 0.0 5 0.6 8.3 0 1.2 0.0 0 1.2 0.0 1 1.2 0.8 2 1.2 1.7
Neomillspaughia emarginata 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 1 0.6 1.7 0 1.2 0.0 0 1.2 0.0 4 0.6 6.7 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0
Parent-of-chac-ne-che 0 0.6 0.0 2 0.6 3.3 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0
Paro-de-gas 0 0.6 0.0 3 0.6 5.0 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0
Phyllanthus acuminatus 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 3 0.6 5.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0
Pilim 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0
Piscidia piscipula 142 0.6 236.7 24 0.6 40.0 50 0.6 83.3 75 0.6 125.0 82 0.6 136.7 9 1.2 7.5 0 1.2 0.0 87 0.6 145.0 0 1.2 0.0 1 1.2 0.8 26 1.2 21.7 7 1.2 5.8
Pisonia aculeata 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0
Pithecellobium dulce 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 1 0.6 1.7 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0
Pithecellobium keyense 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0
Platymiscium yucatanum 1 0.6 1.7 1 0.6 1.7 5 0.6 8.3 5 0.6 8.3 17 0.6 28.3 1 1.2 0.8 3 1.2 2.5 22 0.6 36.7 0 1.2 0.0 0 1.2 0.0 3 1.2 2.5 0 1.2 0.0
Plumeria obtusa 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0
Plumeria sp. 0 0.6 0.0 2 0.6 3.3 1 0.6 1.7 0 0.6 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0
Pochote 0 0.6 0.0 3 0.6 5.0 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0
Pokolche 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0
Pomoche 0 0.6 0.0 1 0.6 1.7 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0
Pouteria campechiana 0 0.6 0.0 9 0.6 15.0 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0
Psidium sartorianum 8 0.6 13.3 0 0.6 0.0 6 0.6 10.0 13 0.6 21.7 4 0.6 6.7 0 1.2 0.0 0 1.2 0.0 1 0.6 1.7 0 1.2 0.0 0 1.2 0.0 4 1.2 3.3 1 1.2 0.8
Punpochote 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 1 0.6 1.7 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0
Randia longiloba 0 0.6 0.0 2 0.6 3.3 0 0.6 0.0 4 0.6 6.7 0 0.6 0.0 1 1.2 0.8 0 1.2 0.0 2 0.6 3.3 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 2 1.2 1.7
Sabal mauritiiformis 1 0.6 1.7 6 0.6 10.0 4 0.6 6.7 2 0.6 3.3 2 0.6 3.3 3 1.2 2.5 3 1.2 2.5 1 0.6 1.7 21 1.2 17.5 0 1.2 0.0 2 1.2 1.7 18 1.2 15.0
Sac-jol 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 1 0.6 1.7 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0
Sac-xkch 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0
Sacuiche 0 0.6 0.0 1 0.6 1.7 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0
Sak-awa 0 0.6 0.0 9 0.6 15.0 0 0.6 0.0 0 0.6 0.0 1 0.6 1.7 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0
Sataam 0 0.6 0.0 0 0.6 0.0 1 0.6 1.7 0 0.6 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0
Sebastiania adenophora 0 0.6 0.0 22 0.6 36.7 0 0.6 0.0 5 0.6 8.3 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 1 1.2 0.8
Senegalia gaumeri 0 0.6 0.0 0 0.6 0.0 1 0.6 1.7 1 0.6 1.7 5 0.6 8.3 3 1.2 2.5 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 8 1.2 6.7 1 1.2 0.8 6 1.2 5.0
Senna atomaria 0 0.6 0.0 0 0.6 0.0 7 0.6 11.7 0 0.6 0.0 0 0.6 0.0 0 1.2 0.0 1 1.2 0.8 2 0.6 3.3 0 1.2 0.0 0 1.2 0.0 2 1.2 1.7 0 1.2 0.0
Sexnik 0 0.6 0.0 1 0.6 1.7 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0
Sideroxylon americanum 1 0.6 1.7 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0
Sikimche 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0
Simarouba amara 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 1 1.2 0.8 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0
Sitzya 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 1 0.6 1.7 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0
Spondias mombin 5 0.6 8.3 0 0.6 0.0 2 0.6 3.3 0 0.6 0.0 1 0.6 1.7 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0
Spondias sp. 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0
Subche 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 1 0.6 1.7 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0
Swartzia cubensis 3 0.6 5.0 12 0.6 20.0 0 0.6 0.0 0 0.6 0.0 1 0.6 1.7 1 1.2 0.8 0 1.2 0.0 1 0.6 1.7 0 1.2 0.0 0 1.2 0.0 9 1.2 7.5 0 1.2 0.0
Tahrye 0 0.6 0.0 5 0.6 8.3 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0
Tasac 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 1 0.6 1.7 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0
Thevetia peruviana 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 1 0.6 1.7 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 1 1.2 0.8 0 1.2 0.0
Thouinia paucidentata 1 0.6 1.7 14 0.6 23.3 9 0.6 15.0 26 0.6 43.3 24 0.6 40.0 2 1.2 1.7 0 1.2 0.0 3 0.6 5.0 0 1.2 0.0 0 1.2 0.0 6 1.2 5.0 7 1.2 5.8
Tojhu 0 0.6 0.0 2 0.6 3.3 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0
Tokchakche 0 0.6 0.0 1 0.6 1.7 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0
Tokyop 0 0.6 0.0 1 0.6 1.7 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0
Tournefortia glabra 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0
Trichilia glabra 1 0.6 1.7 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 1 0.6 1.7 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 2 1.2 1.7 0 1.2 0.0
Trichospermum grewiifolium 0 0.6 0.0 0 0.6 0.0 3 0.6 5.0 1 0.6 1.7 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0
Tzeetz-ya 0 0.6 0.0 3 0.6 5.0 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0
Tzitche 0 0.6 0.0 0 0.6 0.0 2 0.6 3.3 2 0.6 3.3 1 0.6 1.7 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0
Tzubul 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0
Uayademonte 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 1 1.2 0.8 0 1.2 0.0
Uayu 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 1 0.6 1.7 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0
Uchiche 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 3 1.2 2.5 0 1.2 0.0
Ukzhu 0 0.6 0.0 1 0.6 1.7 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0
Vitex gaumeri 6 0.6 10.0 30 0.6 50.0 16 0.6 26.7 8 0.6 13.3 8 0.6 13.3 3 1.2 2.5 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 1 1.2 0.8 1 1.2 0.8
Xakyxak 0 0.6 0.0 1 0.6 1.7 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0
Xkoch 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0
Yax-jokobche 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0
Yi-te 0 0.6 0.0 2 0.6 3.3 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0
Yo-te 0 0.6 0.0 1 0.6 1.7 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0
Yuyi 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0
Zac-wee-chu-che 0 0.6 0.0 1 0.6 1.7 0 0.6 0.0 0 0.6 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0
Zuelania guidonia 1 0.6 1.7 5 0.6 8.3 1 0.6 1.7 8 0.6 13.3 0 0.6 0.0 0 1.2 0.0 0 1.2 0.0 1 0.6 1.7 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 1 1.2 0.8
152 Counts of birds, trees and dung beetles in study sites
Table C.5 Counts (C), areas surveyed (A) and densities (D) of tree species in silvopas-
toral, tecnificado and maize sites. Species marked with an asterisk (*) are non-native.
Silvopastoral sites Tecnificado sites Maize sites
1 2 3 4 1 2 3 4 1 2 3 4 5
Species C A D C A D C A D C A D C A D C A D C A D C A D C A D C A D C A D C A D C A D
Acacia pennatula 0 1.2 0.0 0 1.2 0.0 1 1.2 0.8 3 1.2 2.5 3 1.2 2.5 0 1.2 0.0 2 1.2 1.7 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 5 1.2 4.2 0 1.2 0 0 1.2 0.0
Acosmium paneumene 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 1 1.2 0.8 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Acrocomia aculeata 0 1.2 0.0 0 1.2 0.0 15 1.2 12.5 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Adelia oaxacana 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 2 1.2 1.7 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Albizia tomentosa 1 1.2 0.8 1 1.2 0.8 1 1.2 0.8 1 1.2 0.8 0 1.2 0.0 0 1.2 0.0 1 1.2 0.8 0 1.2 0.0 0 1.2 0.0 1 1.2 0.8 4 1.2 3.3 0 1.2 0 0 1.2 0.0
Alvaradoa amorphoides 1 1.2 0.8 0 1.2 0.0 1 1.2 0.8 1 1.2 0.8 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Anasin 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Annona sp.* 0 1.2 0.0 0 1.2 0.0 4 1.2 3.3 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Apoplanesia paniculata 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 13 1.2 10.8 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Astrocasia tremula 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 1 1.2 0.8 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Bauhinia divaricata 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Bauhinia ungulata 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Belchiniche 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Boklumche 0 1.2 0.0 0 1.2 0.0 2 1.2 1.7 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 1 1.2 0.8 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Bourreria pulchra 4 1.2 3.3 5 1.2 4.2 3 1.2 2.5 0 1.2 0.0 0 1.2 0.0 1 1.2 0.8 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Brosimum alicastrum 0 1.2 0.0 0 1.2 0.0 13 1.2 10.8 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Bursera schlechtendalii 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Bursera simaruba 3 1.2 2.5 8 1.2 6.7 20 1.2 16.7 22 1.2 18.3 5 1.2 4.2 7 1.2 5.8 11 1.2 9.2 0 1.2 0.0 1 1.2 0.8 4 1.2 3.3 9 1.2 7.5 0 1.2 0 1 1.2 0.8
Caesalpinia gaumeri 2 1.2 1.7 0 1.2 0.0 10 1.2 8.3 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 4 1.2 3.3 0 1.2 0.0 0 1.2 0.0 5 1.2 4.2 23 1.2 19.2 0 1.2 0 0 1.2 0.0
Caesalpinia yucatanensis 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 3 1.2 2.5 0 1.2 0 0 1.2 0.0
Cancha 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Capraria biflora 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Carica papaya* 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 1 1.2 0.8 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 11 1.2 9.2 0 1.2 0 0 1.2 0.0
Catouchix 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Cecropia peltata 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Cedrela odorata 0 1.2 0.0 1 1.2 0.8 4 1.2 3.3 1 1.2 0.8 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Ceiba pendrandra 0 1.2 0.0 0 1.2 0.0 1 1.2 0.8 1 1.2 0.8 1 1.2 0.8 0 1.2 0.0 0 1.2 0.0 2 1.2 1.7 0 1.2 0.0 0 1.2 0.0 1 1.2 0.8 0 1.2 0 0 1.2 0.0
Cetinche 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Charay 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Cheoche 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Chilche 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Chitanche 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Chloroleucon mangense 0 1.2 0.0 1 1.2 0.8 0 1.2 0.0 2 1.2 1.7 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 1 1.2 0.8 0 1.2 0.0 2 1.2 1.7 0 1.2 0 0 1.2 0.0
Chrysophyllum cainito* 0 1.2 0.0 0 1.2 0.0 1 1.2 0.8 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Chrysophyllum mexicanum 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Citrus aurantium* 1 1.2 0.8 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Clusia flava 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Cnidoscolus aconitifolius 1 1.2 0.8 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Coccoloba barbadensis 2 1.2 1.7 0 1.2 0.0 10 1.2 8.3 0 1.2 0.0 3 1.2 2.5 0 1.2 0.0 1 1.2 0.8 0 1.2 0.0 1 1.2 0.8 0 1.2 0.0 3 1.2 2.5 0 1.2 0 1 1.2 0.8
Cochel 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Cochlospermum vitifolium 1 1.2 0.8 0 1.2 0.0 4 1.2 3.3 1 1.2 0.8 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 1 1.2 0.8 2 1.2 1.7 0 1.2 0 0 1.2 0.0
Cocos nucifera* 0 1.2 0.0 0 1.2 0.0 1 1.2 0.8 1 1.2 0.8 0 1.2 0.0 0 1.2 0.0 1 1.2 0.8 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Coliimche 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Cordia gerascanthus 0 1.2 0.0 5 1.2 4.2 3 1.2 2.5 8 1.2 6.7 0 1.2 0.0 0 1.2 0.0 2 1.2 1.7 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 1 1.2 0.8 0 1.2 0 0 1.2 0.0
Cordia sp. 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Cornutia pyramidata 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 1 1.2 0.8 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Crateva tapia 0 1.2 0.0 1 1.2 0.8 1 1.2 0.8 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 2 1.2 1.7 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Croton reflexifolius 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Croton sutup 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Cuchel 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Cupania belizensis 0 1.2 0.0 0 1.2 0.0 1 1.2 0.8 7 1.2 5.8 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Delchiniche 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Delonix regia* 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 1 1.2 0.8 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Despana 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Diospyros anisandra 2 1.2 1.7 0 1.2 0.0 3 1.2 2.5 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 3 1.2 2.5 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Diospyros salicifolia 0 1.2 0.0 0 1.2 0.0 1 1.2 0.8 1 1.2 0.8 0 1.2 0.0 0 1.2 0.0 3 1.2 2.5 0 1.2 0.0 0 1.2 0.0 2 1.2 1.7 3 1.2 2.5 0 1.2 0 0 1.2 0.0
Diphysa carthagenensis 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 1 1.2 0.8 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 1 1.2 0.8 0 1.2 0 0 1.2 0.0
Drypetes lateriflora 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 3 1.2 2.5 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Dzidzya 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Ehretia tinifolia 1 1.2 0.8 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 1 1.2 0.8 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Elaeodendron xylocarpum 0 1.2 0.0 0 1.2 0.0 2 1.2 1.7 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Enriquebeltrania crenatifolia 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 2 1.2 1.7 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Enterolobium cyclocarpum 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 4 1.2 3.3 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Erythrina americana 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Erythrina standleyana 1 1.2 0.8 0 1.2 0.0 1 1.2 0.8 2 1.2 1.7 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Erythroxylum rotundifolium 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 1 1.2 0.8 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Eugenia foetida 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 3 1.2 2.5 0 1.2 0 0 1.2 0.0
Exothea diphylla 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Ficus cotinifolia 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 4 1.2 3.3 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Ficus retusa* 1 1.2 0.8 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 1 1.2 0.8 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Gliricidia sepium 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Guazuma ulmifolia 2 1.2 1.7 0 1.2 0.0 2 1.2 1.7 7 1.2 5.8 1 1.2 0.8 0 1.2 0.0 1 1.2 0.8 0 1.2 0.0 1 1.2 0.8 0 1.2 0.0 3 1.2 2.5 0 1.2 0 0 1.2 0.0
Guettarda combsii 0 1.2 0.0 0 1.2 0.0 1 1.2 0.8 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 2 1.2 1.7 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Gymnopodium floribundum 1 1.2 0.8 0 1.2 0.0 6 1.2 5.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 4 1.2 3.3 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Haematoxylum campechianum 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Havardia albicans 0 1.2 0.0 0 1.2 0.0 13 1.2 10.8 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 10 1.2 8.3 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 11 1.2 9.2 0 1.2 0 0 1.2 0.0
Heliocarpus donnellsmithii 2 1.2 1.7 0 1.2 0.0 1 1.2 0.8 0 1.2 0.0 1 1.2 0.8 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 2 1.2 1.7 0 1.2 0 0 1.2 0.0
Hok-chok-che 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Hyperbaena mexicana 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Jacaratia mexicana 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 10 1.2 8.3 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Jach-ke 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
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Table C.6 Counts (C), areas surveyed (A) and densities (D) of tree species in silvopas-
toral, tecnificado and maize sites. Species marked with an asterisk (*) are non-native.
Silvopastoral sites Tecnificado sites Maize sites
1 2 3 4 1 2 3 4 1 2 3 4 5
Species C A D C A D C A D C A D C A D C A D C A D C A D C A D C A D C A D C A D C A D
Jatropha gaumeri 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 2 1.2 1.7 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 1 1.2 0.8 0 1.2 0 0 1.2 0.0
Ki-lim 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Laetia thamnia 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Laguncularia racemosa 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 1 1.2 0.8 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Leucaena leucacephala 1 1.2 0.8 0 1.2 0.0 3 1.2 2.5 1 1.2 0.8 0 1.2 0.0 0 1.2 0.0 8 1.2 6.7 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 1 1.2 0.8 0 1.2 0 0 1.2 0.0
Lonchocarpus rugosus 0 1.2 0.0 0 1.2 0.0 1 1.2 0.8 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 8 1.2 6.7 0 1.2 0 0 1.2 0.0
Lonchocarpus xuul 0 1.2 0.0 1 1.2 0.8 9 1.2 7.5 19 1.2 15.8 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 5 1.2 4.2 0 1.2 0 0 1.2 0.0
Lonchocarpus yucatanensis 0 1.2 0.0 3 1.2 2.5 0 1.2 0.0 1 1.2 0.8 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Luehea speciosa 0 1.2 0.0 0 1.2 0.0 4 1.2 3.3 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Lysiloma latisiliquum 1 1.2 0.8 0 1.2 0.0 2 1.2 1.7 0 1.2 0.0 2 1.2 1.7 0 1.2 0.0 2 1.2 1.7 0 1.2 0.0 0 1.2 0.0 2 1.2 1.7 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Malpighia emarginata 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Malpighia glabra 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Malpighia sp. 0 1.2 0.0 0 1.2 0.0 2 1.2 1.7 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Manilkara zapota 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Mora 1 1.2 0.8 0 1.2 0.0 0 1.2 0.0 1 1.2 0.8 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Mariosousa dolichostachya 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 1 1.2 0.8 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Melicoccus oliviformis 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Metopium brownei 0 1.2 0.0 0 1.2 0.0 2 1.2 1.7 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 1 1.2 0.8 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Mimosa albida 1 1.2 0.8 0 1.2 0.0 1 1.2 0.8 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Mimosa bahamensis 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 3 1.2 2.5 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Mosannona depressa 0 1.2 0.0 0 1.2 0.0 1 1.2 0.8 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Neea psychotrioides 0 1.2 0.0 0 1.2 0.0 3 1.2 2.5 6 1.2 5.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 2 1.2 1.7 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Neomillspaughia emarginata 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Parent-of-chac-ne-che 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Paro-de-gas 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Phyllanthus acuminatus 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Pilim 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 2 1.2 1.7 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Piscidia piscipula 4 1.2 3.3 1 1.2 0.8 30 1.2 25.0 4 1.2 3.3 14 1.2 11.7 2 1.2 1.7 19 1.2 15.8 0 1.2 0.0 0 1.2 0.0 2 1.2 1.7 28 1.2 23.3 0 1.2 0 0 1.2 0.0
Pisonia aculeata 0 1.2 0.0 0 1.2 0.0 1 1.2 0.8 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Pithecellobium dulce 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Pithecellobium keyense 1 1.2 0.8 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Platymiscium yucatanum 10 1.2 8.3 1 1.2 0.8 1 1.2 0.8 1 1.2 0.8 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 1 1.2 0.8 0 1.2 0 0 1.2 0.0
Plumeria obtusa 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 1 1.2 0.8 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Plumeria sp. 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Pochote 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Pokolche 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 5 1.2 4.2 0 1.2 0.0 0 1.2 0.0 1 1.2 0.8 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Pomoche 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Pouteria campechiana 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Psidium sartorianum 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 1 1.2 0.8 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Punpochote 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Randia longiloba 1 1.2 0.8 0 1.2 0.0 1 1.2 0.8 1 1.2 0.8 1 1.2 0.8 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Sabal mauritiiformis 1 1.2 0.8 1 1.2 0.8 37 1.2 30.8 11 1.2 9.2 6 1.2 5.0 3 1.2 2.5 2 1.2 1.7 0 1.2 0.0 6 1.2 5.0 3 1.2 2.5 1 1.2 0.8 0 1.2 0 0 1.2 0.0
Sac-jol 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 2 1.2 1.7 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Sac-xkch 0 1.2 0.0 0 1.2 0.0 1 1.2 0.8 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Sacuiche 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Sak-awa 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Sataam 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Sebastiania adenophora 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Senegalia gaumeri 11 1.2 9.2 2 1.2 1.7 6 1.2 5.0 6 1.2 5.0 3 1.2 2.5 0 1.2 0.0 1 1.2 0.8 1 1.2 0.8 0 1.2 0.0 0 1.2 0.0 1 1.2 0.8 0 1.2 0 0 1.2 0.0
Senna atomaria 1 1.2 0.8 0 1.2 0.0 0 1.2 0.0 1 1.2 0.8 1 1.2 0.8 0 1.2 0.0 1 1.2 0.8 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 7 1.2 5.8 0 1.2 0 0 1.2 0.0
Sexnik 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Sideroxylon americanum 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 1 1.2 0.8 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Sikimche 2 1.2 1.7 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Simarouba amara 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Sitzya 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Spondias mombin 0 1.2 0.0 0 1.2 0.0 1 1.2 0.8 2 1.2 1.7 1 1.2 0.8 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 1 1.2 0.8 1 1.2 0.8 0 1.2 0 0 1.2 0.0
Spondias sp. 0 1.2 0.0 0 1.2 0.0 2 1.2 1.7 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Subche 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 1 1.2 0.8 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Swartzia cubensis 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 1 1.2 0.8 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Tahrye 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Tasac 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Thevetia peruviana 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Thouinia paucidentata 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 1 1.2 0.8 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 1 1.2 0.8 1 1.2 0.8 0 1.2 0 0 1.2 0.0
Tojhu 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Tokchakche 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Tokyop 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Tournefortia glabra 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 1 1.2 0.8 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Trichilia glabra 0 1.2 0.0 1 1.2 0.8 0 1.2 0.0 1 1.2 0.8 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 2 1.2 1.7 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Trichospermum grewiifolium 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Tzeetz-ya 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Tzitche 0 1.2 0.0 0 1.2 0.0 1 1.2 0.8 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Tzubul 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 1 1.2 0.8
Uayademonte 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 1 1.2 0.8 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Uayu 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Uchiche 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Ukzhu 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Vitex gaumeri 1 1.2 0.8 0 1.2 0.0 5 1.2 4.2 2 1.2 1.7 0 1.2 0.0 0 1.2 0.0 2 1.2 1.7 0 1.2 0.0 0 1.2 0.0 4 1.2 3.3 3 1.2 2.5 0 1.2 0 0 1.2 0.0
Xakyxak 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Xkoch 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 1 1.2 0.8 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Yax-jokobche 0 1.2 0.0 1 1.2 0.8 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Yi-te 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Yo-te 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Yuyi 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 1 1.2 0.8 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Zac-wee-chu-che 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
Zuelania guidonia 0 1.2 0.0 0 1.2 0.0 2 1.2 1.7 0 1.2 0.0 1 1.2 0.8 0 1.2 0.0 1 1.2 0.8 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0.0 0 1.2 0 0 1.2 0.0
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Table C.7 Counts of dung beetle species in study sites. Sites marked with (†) had
one or two traps destroyed by animals and therefore a slightly lower sampling effort.
Species marked with an asterisk (*) are non-native.
Baseline sites Traditional ranch sites Silvopastoral sites Tecnificado sites Maize sites
Species 1† 2 3 4 5 1 2 3 4 5 6 7 1 2† 3 4 1 2 3 4 1 2 3 4
Ateuchus perezvelai 0 0 5 14 2 0 0 11 0 0 8 0 0 0 2 0 2 0 0 0 0 3 0 0
Canthidium pseudopuncticolle 23 168 26 1 24 14 39 35 22 0 37 16 6 0 64 8 8 15 21 2 0 10 0 19
Canthon cyanellus 8 23 878 145 628 0 0 177 0 0 28 8 3 0 5 0 1 2 0 1 0 0 0 0
Canthon euryscelis 1886 4596 5442 3041 5549 5 2 5576 0 0 1573 181 0 0 892 36 21 4 83 0 0 127 0 0
Canthon indigaceus chevrolati 17 0 96 0 0 164 1009 31 3 3840 4414 286 13220 184 3969 238 3514 2232 2012 8405 43 282 4 3337
Canthon leechi 108 75 698 1789 2246 188 33 2722 66 10 244 151 263 0 195 1014 348 524 185 77 4 294 175 49
Copris incertus 45 73 57 136 10 46 80 119 43 0 94 29 17 0 3 0 141 4 15 1 0 13 10 0
Copris laeviceps 200 260 31 258 0 0 1 0 22 2 5 31 4 1 6 20 9 0 22 0 0 30 1 0
Copris lugubris 4 5 2 21 0 7 1 3 38 39 14 13 95 1 5 1 516 36 51 3 1 4 4 10
Coprophanaeus corythus 6 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Deltochilum gibbosum sublaeve 2 14 19 89 35 0 0 0 7 0 0 1 4 0 0 2 4 0 6 0 1 0 0 0
Deltochilum lobipes 7 9 11 17 1 7 1 3 9 2 13 1 3 2 15 3 4 2 7 0 0 1 0 7
Deltochilum scabriusculum scabriusculum 57 11 8 71 19 0 0 15 3 0 6 2 3 0 5 4 1 0 0 0 0 3 0 1
Deltochilum valgum acropyge 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Dichotomius amplicollis 4 5 16 15 25 0 0 1 1 0 2 5 0 0 9 0 2 0 0 0 0 0 0 0
Dichotomius maya 98 1 0 0 0 1 2 4 43 0 3 5 0 0 5 0 6 8 2 2 0 3 9 1
Digitonthophagus gazella* 0 0 0 0 0 59 10 0 585 0 0 7 23 0 38 3 343 14 9 72 0 6 5 33
Eurysternus mexicanus 1 0 0 0 0 7 0 0 0 0 5 8 1 0 1 5 1 17 6 0 0 0 1 0
Malagoniella astyanax yucateca 10 0 22 21 0 4 0 3 0 0 20 1 18 1 12 0 52 0 3 1 0 0 1 1
Onthophagus batesi 0 0 0 0 0 0 0 0 2 1 13 0 96 0 1 6 0 6 25 13 1 2 0 5
Onthophagus carpophilus 2 0 0 0 0 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0
Onthophagus cyclographus 1 123 213 100 322 0 0 0 5 0 224 9 0 0 4 0 0 0 0 0 0 0 77 0
Onthophagus igualensis 3 35 72 169 1 0 0 842 0 0 59 0 1 0 46 0 60 0 107 0 0 28 0 0
Onthophagus landolti 740 95 2034 884 135 6064 3403 3376 1736 175 1849 1129 5944 506 2429 643 4040 1548 837 481 1126 353 610 659
Onthophagus longimanus 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Pedaridium maya 1 0 0 3 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Phanaeus endymion 0 2 23 15 3 0 0 0 0 0 3 0 0 0 0 1 0 0 0 0 0 0 0 0
Phanaeus pilatei 191 80 105 58 112 6 0 10 0 10 80 7 3 27 4 1 66 4 0 8 0 1 0 9
Pseudocanthon perplexus 0 0 0 0 0 7157 2504 1 6360 3 1176 469 2592 1122 6529 34 2225 723 3836 257 321 1140 1463 2592
Sisyphus mexicanus 5318 0 1721 3615 810 0 0 3460 0 0 674 0 14 0 476 0 0 0 0 0 0 0 0 0
Uroxys chichanich 1078 529 2516 1659 978 104 7 2668 519 0 929 428 6 15 1370 264 83 79 394 0 0 287 0 5
Uroxys deavilai 5 326 720 4 127 0 0 0 0 0 0 1 2 13 0 15 0 0 12 0 0 0 0 0
Uroxys micros 0 353 99 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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C.1 Species richness estimates for study sites
Table C.8 Observed species richness and richness estimates for birds in each study
site.
Site type Site No. No. points Obs. species Chao1 Chao1 se Jackknife Jackknife se
Baseline 1 24 55 86.0 20.90 72.2 4.92
Baseline 2 24 54 58.8 3.91 64.5 4.85
Baseline 3 24 55 63.6 6.54 66.5 3.85
Baseline 4 24 72 85.7 8.04 91.2 5.81
Baseline 5 24 54 58.8 3.91 64.5 4.22
Silvopastoral 1 24 44 53.0 6.55 56.5 4.21
Silvopastoral 2 24 34 68.5 32.00 45.5 4.10
Silvopastoral 3 24 61 77.2 8.70 84.0 6.99
Silvopastoral 4 24 60 76.6 9.28 81.1 7.13
Traditional 1 24 53 84.7 18.20 75.0 8.97
Traditional 2 24 37 67.7 22.40 52.3 5.12
Traditional 3 24 58 73.5 9.65 75.2 6.29
Traditional 4 24 42 50.6 6.54 53.5 4.75
Traditional 5 24 44 59.4 9.87 60.3 5.90
Traditional 6 24 46 51.1 3.81 58.5 4.64
Traditional 7 24 47 54.4 5.38 59.5 4.21
Tecnificado 1 24 42 67.9 16.90 59.2 6.59
Tecnificado 2 24 34 55.6 15.40 48.4 6.22
Tecnificado 3 24 36 39.7 3.19 45.6 3.61
Tecnificado 4 24 17 47.7 38.00 24.7 3.87
Maize 1 24 35 36.7 2.00 40.8 2.35
Maize 2 18 17 40.1 29.40 23.6 3.17
Maize 3 24 46 69.1 15.40 62.3 6.80
Maize 4 24 24 31.7 7.19 31.7 4.34
Maize 5 24 32 72.5 36.90 44.5 4.43
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Table C.9 Observed species richness and richness estimates for trees in each study
site. Italicised values for one site are show a richness estimate that I feel is unlikely,
given the observed richness.
Site type Site No. No. points Obs. species Chao1 Chao1 se Jackknife Jackknife se
Baseline 1 10 38 74.4 25.8 54.2 7.1
Baseline 2 10 77 149.0 32.3 115.0 14.6
Baseline 3 10 44 67.0 16.2 58.4 5.6
Baseline 4 10 50 73.2 14.6 67.1 7.8
Baseline 5 10 57 107.0 27.9 82.2 9.9
Traditional 1 20 25 42.4 11.7 40.2 12.1
Traditional 2 20 7 11.3 6.8 9.8 2.9
Traditional 3 10 40 56.5 11.1 54.4 5.6
Traditional 4 20 8 15.6 11.1 11.8 2.7
Traditional 5 20 20 55.6 28.2 34.2 6.6
Traditional 6 20 40 61.4 13.3 58.0 7.3
Traditional 7 20 36 70.9 21.7 56.0 8.9
Silvopastoral 1 20 28 58.8 20.8 45.1 8.4
Silvopastoral 2 20 16 84.4 79.4 27.4 3.8
Silvopastoral 3 20 48 82.6 18.2 73.6 9.9
Silvopastoral 4 20 45 94.5 29.1 68.8 8.7
Tecnificado 1 20 20 80.8 53.2 35.2 12.8
Tecnificado 2 20 5 5.2 0.5 6.0 1.0
Tecnificado 3 20 22 35.7 10.7 33.4 6.6
Tecnificado 4 20 5 10.7 6.7 8.8 3.9
Maize 1 20 7 16.5 9.6 11.8 2.5
Maize 2 20 22 202.0 82.9 41.0 19.5
Maize 3 20 29 56.5 18.9 45.2 7.0
Maize 4 20 0 NA NA NA NA
Maize 5 20 4 6.8 4.1 6.8 1.6
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Table C.10 Observed species richness and richness estimates for dung beetles in each
study site. Note there are only 24 sites, as we were refused permission for one intensive
maize site. Number of points refers to the number of intact traps after accounting for
those destroyed by animals.
Site type Site No. No. points Obs. species Chao1 Chao1 se Jackknife Jackknife se
Baseline 1 23 25 28.80 5.080 28.80 1.91
Baseline 2 25 20 21.90 3.600 21.90 1.94
Baseline 3 25 24 24.50 1.280 25.00 0.96
Baseline 4 25 22 22.20 0.521 23.00 0.96
Baseline 5 25 20 27.70 11.200 23.80 1.92
Silvopastoral 1 25 20 21.10 1.710 22.90 1.66
Silvopastoral 2 24 10 12.20 3.270 12.90 1.66
Silvopastoral 3 25 23 25.90 4.410 25.90 1.66
Silvopastoral 4 25 17 18.50 2.090 20.80 2.37
Traditional 1 25 14 15.00 2.200 15.90 1.36
Traditional 2 25 12 24.00 16.500 16.80 2.55
Traditional 3 25 19 20.00 1.810 20.90 1.36
Traditional 4 25 17 21.30 6.920 19.90 2.16
Traditional 5 25 9 9.96 1.810 10.90 1.36
Traditional 6 25 25 25.00 0.000 25.00 0.000
Traditional 7 25 21 23.60 3.360 24.80 1.92
Tecnificado 1 25 21 25.00 4.700 25.80 3.51
Tecnificado 2 25 15 16.00 1.810 16.90 1.36
Tecnificado 3 25 18 18.10 0.367 19.00 0.96
Tecnificado 4 25 12 14.20 3.270 14.90 1.66
Maize 1 25 7 11.30 6.920 9.88 2.16
Maize 3 25 17 29.00 16.500 21.80 2.91
Maize 4 25 11 15.30 6.920 13.90 1.66
Maize 5 25 13 15.20 3.270 15.90 2.16
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Table C.11 Observed species richness and richness estimates for all taxa in each site
type.
Taxa Site type No. sites Obs. species Chao1 Chao1 se Jackknife Jackknife se
Birds Baseline 5 90 99 5.6 100 9.2
Birds Traditional 7 90 100 7.3 110 12.0
Birds Silvopastoral 4 80 90 5.6 96 10.0
Birds Tecnificado 4 55 79 14.0 71 11.0
Birds Maize 5 56 72 9.9 71 12.0
Trees Baseline 5 125 230 36.0 180 36.0
Trees Traditional 7 73 100 14.0 100 13.0
Trees Silvopastoral 4 74 100 12.0 100 20.0
Trees Tecnificado 4 33 59 16.0 50 12.0
Trees Maize 5 41 72 16.0 63 17.0
Dung beetles Baseline 5 30 33 4.0 34 2.8
Dung beetles Traditional 7 28 30 2.3 31 2.2
Dung beetles Silvopastoral 4 26 28 2.0 30 3.4
Dung beetles Tecnificado 4 23 25 2.7 26 2.6
Dung beetles Maize 4 21 23 2.0 26 3.1
